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Pre face

by

Colonel D. KURSCHNER, MC, GAP
Session Chairman

The papers of this session will deal with the question: of what importance is color vision
for the various career fields of an Air Force. This is quite an exacting topic considering
the manysidednesntar the ambiguity of the factors which make us see the world in color.
Thus, physical, chemicals physiological ande theticAl, and also practical aspects play a
role in color perception as in no other sensory function. When assessing the ability and
reliability of color perception, these aspects must retain their due value in order to avoid
erroneous conclusions. Unfortunately this has not always been appreciated in the past. It
is therefore not surprising to find an abundance of observations and a multitude of theories
concerning eilor perception by man and its disturbances without giving an unequivocal
explanation up to this date, how the eye makes us see the world in a variety of colors.

In particular an observer with a background in natural science will find it difficult to
free himself from a predominantly physically oriented mode of reflection concerning color
figson. It is only with effort that we can imagine that light and color, and also sound
and smell exist only as sensations in the endogenous world of our body, and that only matter
and energy exist in the exogenous world so that this world of oursis actually without color,
s-und, and smoil. Almost of compulsion do we project sensations from the interior of our
body to the exterior world. We find this separation into exterior and interior world
generally very difficult and it is an extrema burden on the understanding of color Yqzception.
Under these circumstances it is almost logical that we should also commit the linguistic
mistake of confusing property with sensation. We still formulate in the sense of the Greek
philosophers of old, stating that this object is red, that one green and a third one blue,
and thus we accord property to these objects which in reality they do not have. Thus,
properties are only attached to these objects through our sensory perception. To be exact
we would have to say that this or that object appear to us in one or another color, in order
to also draw a linguistic line of separation between physical rules and sensory perception.
This would articulate with much more clrity that color is no property of an object but the
result of radiation phenomena in ce.nection with the properties of its physical surface
constitution.

Nhen even a fundamental understanding of color perception gives rise to considerable difficult-
ies, it is not surprising to find a substantial increase of problems when assessing the
functional ability and reliability of color vision disturbances. Already "classics" in color
vision testing such as HOLXGREN and NAGEL were faced with this problem. The multitude of
factors releasing or influencing color perceptionas well as the behaviour of abnormal
trichromatea, difficult to understand and to calculate as it is, have made it cumbersome from
the very beginning to initiate and disseminate prectical examination methods. Even up to this
day so-called "Practical Color Vision Examinations" are considered unscientific. oreover,
color vision examination methods hitherto and presently applied have been and still are by no
means tuned to conditions or circumstances under which color signals and colvr markings are
seen in the open country. This applies to pseudoisochromatic plates of variouo systems, to the
anomaloacope, and also to most of the color signal test lanterns. As is known pseudoisochromatic
plates will only aid in establishing whether the examinee is color proficient or not. AGEL's
anomaloscope enables a good qualitative or quantitative diagnosis but will reveal little about
the safe or unsafe signal perception of color deficient subjects. We must not overlook that in
this context we are concerned with spectral colors respectively their compositions. Their diealay
area and above all brightness neither correspond to the real signals nor do they consider color
perception on part of paramacular and peripheral secti.na of the retina. Possibly the extreme
L-ightness and saturation in which colors are presented in the anomaloscope are responsible
for the release of the so-called abnormal contrast increases and other signs of fatigue among
the color deficient, which would not be so under realistic conditions of color signal
perception. On the other hand, hue, saturation and brightness of the signal are reduced through
ground - glass - filters to a degree not even brought about by the most unfavorable visual
meteorological conditions. All this contributes to a wide-spread uncertainty when deciding on
careers of color deficient applicants and in turn has led to a point where any color vision
disturbance is globally considered as being dangerous. The evidence for this opinion, however,
does not hold water. In 1907 NAGEI, has published a review of 6 railroad accidents and 6 accidents
at sea allegedly caused by color deficiencies of personnel involved. A critical evaluation of
these mishaps revealed that in half of the cases color vision had not beenthe causeowing to
circumstances in which correct perception and discrimination of colors had no bearing at all.
To this very date injustice has been done at least to the abnormal trichromate and especially
to deuteranomalous when assessing their reliability in professionn Involving matters of traffic
and communications, but also in the military field. Since 50% of the male population with
inhereted color disturbances are abnormal trichromates, their acceptance In several career fields
would constitute a tangible relief in the manpower situation. This problem, however, can not be
solved only on the basis of theoretical knowledge or through one or another combination of
examination methods, but primarily through an analysis at the place of work. Auch an "On-the-
Job-Analysis" would have to indicate type of color, location of color, the size of color area,
the eye-color distance, the lighting conditions and the importance of the color at the place of
work. It is hoped that the following papers will give an answer to this issue.
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Technical Evaluation

A seesicn on Color Vision flequirements in Different Operational Roles constituted a portion of the
Aerospace Medical Ponel Xieings held at the Shell Building in Brussels from 30 May to 2 June 1972.
Some 80 persons attended t.a session and 11 papers were presented. They covered the relationships
between clinical and theoretical concepts of color vision and their relation to color vision testing,
the description of color vision testing methods in use, and the application of color vision testing
results to practical situations. These papers and the questions and remarks in the discussions which
followed devoted special interest to the problem, "to what extent is color vision required in the
activities of flying personnel, ground personnel and persormel in other aviation operation career
fields." The majority of the attendees were of the opinion that:

1. CerLai? tpes of inherent color vision deficiencies (for example, mild anomalous trichromats)
can no longer be considered as absolutely incompatible with flying activities and flying
safety. This seemed to be justified by "in-flight" observations, pragmatic color vision
testing, on-the-job analyses and the fact that not one aviation accident has ever been
documented as having been cause by a color vision deficiency of the pilots involved.

2. In a considerable number of military aviation specialties (air traffic controller, mechanics,
crew members, ete) special emphasis is not placed on normal color vision as a physical
requireent. This is due to the fact that color signals, or cilor markings are either not
the sole source of information or they are not employed at 01 , (for example a radar scope,
black and white instrument display, etc.) However, due to the zedundancy of information
displayed, or the type of display, normal color vision may be marntatory for such career fields.

3. If cont8 1 and 2 above are accepted as operationally valid then subjects showing a color
vision deficiency diagnosed by conventional pass/fail screening teat methods may subsequently
be accepted as a student pilot or crew member if able to pass a color lantern test. The color
lantern tests being 3ess severe enable the mild anomalous trichromat to pass, while failing the
severe anomalous trichromat and the severe dichromat. This technique permits a color defective
individual, trained pilot, crew member, or even an applicant to be considered as "color safe".
Test like the Farnsworth Lantern and the USAF Color Threshold Test have been operationally
validated and proven to have this discrimination ability.

4. For the time being one of the best methods for screening subjects to determine normal color
vision is to employ pseudo-isochromatic tables, such as the original by ISHIHARA. This test,
the Tokyo Medical College series and similar tests are excellent pass/fail test to establish
normal vs non-normal. On the other hand, they are not good predictors of severity of anomaly
or type of anomaly.

5. A standardization of color vision testing methods between the NATO natins does not appear feasible
at this time because of the general lack of unanimity about the relative merit of test methods,
the problem of differences in personal experience and training among professional staff, and also
the problem of differences in organization. The variability associated with the management of
physical evaluation of applicants and flying personnel is one of the key issues. For example, the
control provided by having all medical exams performed centrally at one facility is necessary for
the quality c-ntrol of certain color vision testing techniques. Moreover it depends on the number
of testees and on the battery of color vision tests available and feasible. Some are prohibitively
expensive and require considerable scientific skill and ability to administer. Decentralization
of physical examinations prevents the optimum and necessary control of color vision evaluation.
This problem alone defeats standardization.

6. Dichromate (those color defectives totally red-green blind) and extremely abnormal trichromats
(i.e., borderline cases who have rearly as severe color vision defects as the red-green blind
dichr mats) should be excluded from aviation activities that require any degree of color perception.
Until more information is available there is a high risk that this level of color defect vision
could lead to judgement errors and consequently to erroneous actions compromising mission
accomplishment and flight safety. This type of color defective is unable to pass the color lantern
tests (Farnsworth Lantern).

7. Even though color coding as a means of information display is technically easy to give and easy
for the color normal to perceive, aircraft designers and manufacturers should be required to
devote sufficient attention to color vision so that information displays are not color dependent.
If this is done color coding will not become the only source of information for those who ,,,st
control an aircraft or perform maintenanee duties on it. So, it may be expected that almost 50 %
of color deficient subjects, especially mild deuteranomalous ones, could be successful in aviation
careers for which they are otherwise qualified, e.g., by extraordinary psychomotor skills, high
motivation, and lack of motion sickness sen eitivity, etc.
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iEORETICAL ASPECTS OF COLOR VISION

by

M'ron L. Wolbarsht
Professor of Ophthalmology and Director of Research

Department of Ophthalmology
Duke University Medical Center
Durham, North Carolina 27710

United States of America

SU44ARY

Our present understanding of color indicates that the classical theories of color vision, the
three color receptors of Young-Helmholtz and the opponent colors type of information processing postulated
by Hering are both pretent in the human visual system. This mixture accounts for both the phenomena of
color matching or hue discrimination and such perceptual qualities of colox as the division of the spec-
trum into color bands. A discussion will be given o: the detailed functioning of the cells in the visual
system, especially within the retina and the relation of this function to color perception. Some details
of how this knowledge can aid in understanding the role of color vision in operation situations will be
mentioned.

1. INTRODUCTION

Our understanding of color vision has been hampered since its beginning as much as it has beci
helped by a fundamental dichotomy between the two methods of approaching the problem. The first approach
is that exemplified by the Young-Helmholtz trichromatic theory,(27,9), the other is its apparent antagonist,
the Hering (10) (and possibly Goethe ( 3)] opponents colors theory. The followers of Young and Helmholtz
have become dominant in recent years. Their method of analysis loans heavily on theoretical physics. Thus,
they have concentrated more on the stimulus, whereas the followers of Goethe, especially Ewald Hering, have
been psychologically oriented. They have concentrated rather upon the sensations.

Physical School--The Stimulus

The Young-Helmholtz theory is mathematical in nature. In it three pure spectral hues are necessary
to match any other spectral hue or combinations of spectral hues. From this it has been inferred that there
are three different types of color receptors in the retina. Although no more than three types are needed,
this approach does not rule out the possibility that there are more than three. Neither does it define
the three receptors that are needed. The names of many physicists famous for other work can be found in
the list of those who have made contributions to this aspect of color vision. An early worker was Clarl
Maxwell (17), another was H. von Helmholtz, already mentioned (9), and more recently we find Erwin Schroe-
dinger (18). One might think that such men as these who have solved so elegantly problems in electromag-
netic theory, thermodynamics, and quantum mechanics, respectively, would have little difficulty with such
a minor biological problem as color vision. Although Maxwell's contributions did much to aid in research,
they did little to foster understanding. le furnished a way of plotting data and a machine, the anomaloscope,
with which much research has been done. But as far as elucidating the mechanisms of color vision nothing
really definitive about the mechanisms of color vision has come from these approaches. The main problem
posed by the physical school was to find a transfer function for color matching by the entire visual system.
The input conditions are the physical stimuli, the output is the acceptance of these by the subject as
matching or not matching colors. Thus, only three spectral colors are necessary to match any other color
in hue, intensity, and saturation. This school is mainly concerned with what E term 'hue discrimination",
that is, the discrimination of one spectral wavelength from another. The physical aspects of the stimulus
are emphasized in the formulation of a model for the visual systems.

Psychological School--The Sensations

The psychological school, on the other hand, has to a large extent, ignored or confused the physical
aspects of the stimulus and have been concerned with color as color. That is, they asked. why do we perceive
the spectrum as divided into bands of different colors? hy are the blue or green or yellow, or red broad
portions of the spectrum not, oddly enough, of equal width or of equal quality? For example, yellow
is the narrowest portion of the spectrum. Also, the spectral extent of these color bands is not completely
arbitrary nor does it seem to be learned.

Recent Development

For the first half of this century the physicists and the psychologists devoted large portions
of their time calling each other names and presenting decisive arguments to prove that the other's approach
is wrong. Although the modern methods of research do not give an interpretation of the data that leads
to a clear and absolutely final description of the mechanisms for color vision in man, much has been
learned in the past fewi years. A summary of that information together with a discussion of the problems
that are left at least indicates the broad outlines of how color vision works. Certain things can be
understood in an operational way and many theories can now be shown to be impossible.

Difficulties of Trichromatic (Young-Holmboltz) Theory

The Young-Helmboltz theory in essence shows that at least three color receptors are necessary.
In mathematical terms however, they cannot be shown to be sufficient; i.e., more than three may be present
and the system will accomplish the same thing. Convention has settled on a blue, a green and a red receptor.
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Much of the armcnts within this school have been concerned with whether there are only three and also
which partsculai three they are. However, neither position can be established by the kinds of experiments
that had bee- done prior to the last decade. The possibilities and difficulties of this approach were
sumed up many years ago in an article by Selig Hecht ( 8).. ie examined the action spectra of the three
photopigments that had been postulated by previous workers in terms of which would produce all the
known phenomena of color or, as I say, hue discrimination. Figure 1 is an illustration of how Young's
three color receptors would be plotted. Figure 2 shows three receptors postulated by some of the more
recent followers of elmholtz. The various wiggles in these curves are important to explain the various
rfomalies in the equations governing hue or color mixing. In ve a are the spectral sensitivities
of the three color receptors as postulated by Hecht himself. ie has a green, a red, and a blue (which
he calls violet). I think that this figure was put forward somewhat tongue-in-cheek, as I have heard
that Hecht had a magnificent sense of humor. This figure indicates an extent to which the statement
made above is true, the Young-Helmholtz theory requires three color receptors but does nut specify what
they aie to be. It is true that this theory gives soae restraints upon them in that if any two action
spectra are picked, the shape of the third is determined by its peak wavelength. Hecht's article pushes
this theory to the extreme-. It is likely that in this reproduction of Hecht's figure the curves cannot
really be seen to be different, yet they are. They are different enough such that if three such pigments
did exist and were in photoreceptors they would furnish all the data for hue discrimination required by
the Young-Helmholtz theory and its more modern modifications. Yet the error in all our experimental measure-
ments is such that we could never find these curves as separate.

Difficulties of Classical Opponents Colors Theory

The psychological approach on the other hand, is confined to the problems connected with the
sensation of color and with color defects. The most famous exponent of this system is Hering. He postulated
mechanisms within the visual system which would produce a fundamental antagonism between the colors red
and green and the colors blue and yellow. These he considered as opponent pair. with a third pair based
on the opposition between. black and white. This theme was interpreted by the physical school that there
would be six receptors--a red-green pair, a blue-yellow pair and a black-white pair. However, that is
not necessary for the theory, nor was it postulated exactly in that form by Hering. His intuition may
have been a little better than that of his modern followers. The theory itself, until quite recently,
had become quite declasse. It was held to by only a few psychologists and ophthalmologists who had a broad
irrational streak running through their thinking.

In spite of its increasing neglect the psychological approach accomplished much of what its origina-
tors had set cut to do. That is, it furnished a more or less coherent explanation of the various forms
of color blindness and dealt with the problem of why color names rather than just having arbitrary divisions
of a continuous spectrum. Also, in a qualitative way it was able to furnish an explanation of the necessity
for color contrast phenomena. Although the physicists had already quantified these phenomena they have
furnished no explanation for the necessity of them. However, the two areas in which the psychological
theories were most successful was in explaining why there were negative after-images. That is, why the
after-image was the so-called complimentary or opposite color to the stimulus color. Certain visual illusions,
particularly those concerned with the confusion between movement and color, such as Benthan's top were
also on a more rational basis. The Young-Helmholtz theory hypostulated a so-called labeled line running
from each of the three classes of color receptors back to the higher visual center. There the information
about the stimulus was decoded in a simple fashion. It was the intensity of the stimulus acting on a certain
color receptor. A simple combination of the three intensities (one from ca- of the three classes) defined
the hue (wavelength) and intensity of the stimulus. Obviously in such a system there is no simple way
to confuse this information with that of motion. Rapidly changing light upon the receptors will never
be seen as colored when there is no color information in the original stimulus.

However, the psychologists had already formulated a rather elaborate code for each nerve cell,
that is, that each cell carried positive information about one color and negative about another. Thus a
rapidly changing stimulus could introduce some confusion into the color interpretation as the code itself
had built in ambiguities.

Limitations of Classical Methods: Early Attempts in Neurophysiology

Neither of these approaches were sufficient to define the exact function of the color vision
system in man. Neither could tell whether behavioral experiments upon animals could show if their vision
was identical with or if different, how different from human color vision. That is enough of the history
to bring us to the modern physiological research. Suffice it to say that as might be guessed by an historian,
both sides turned out to be wrong and both right.

Such roughly was the situation up until about 1954. From this date the modern approach to color
vision can be said to start with the experiments of Gunnar Svaetichin (20). Another physiologist who aided
in developing our methods of attack to establish the current theories of hue discrimination af color per-
ception is Ragnar Granit (5 ). They tended to carry over their earlier loyalties into the intcrpretation
of their data, Granit to Young-elmholtz and Svaetichin to Iering. With this as background it is now appro-
priate to examine what has been learned in the past few years about the detailed functioning of the various
parts of the visual system, especially with respect to color vision,

2. THE M)DER1N APPROACI: OPENING THE BLACK BOX

Although presenting this material from a histological standpoint would be of great interest the
constraints of space make it more reasonable to present the logical sequence, As such we will start with
the image upon the retina and show what kinds of receptors there are, then how they are stimulated. Next
the information flow will be followed back through the intervening neural layers to the ganglion cells
through whose axons all information passes back to the hiher visual centers. Such parts of the higher
visual centers as are known will be discussed with a consideration of the final problem of perception itself
of the color in the stimulus.
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The pattern of color upon the retina can initially be con-sidered to be made up of points of light
small enough to stimulate single receptors. Although the optics of the eye even under the best conditions
do not quite reach the ideal situation for maximum acuity, few physiological experiments are done under
such stringent conditions. Thus no errors will be introduced into the interpre-t-tion of the experiments
at this point by assuming that the optics are perfect. The first element to be considered, then, is the
receptors, what they are and how they respond to the stimulus with respect to its wavelength and its intensity.

The duplicity theory of vision is of long standing; that is, that the rods are responsible for
night or scotopic vision and the cones for daylight or photopic vision. It is these latter cells, the
cones, which are responsible for normal color vision.

A. Receptors

The classification of receptors and the analysis of their function depends upon three types of
experiments. TNo of them involve direct measurements on the cones and the third infers the cone properties
from electrophysiological recordings from cells further back along the visual pathway. These latter experi-
ments are done under conditions in which the variation of the electro-physiological response with the variation
of stimulus parameters is thought to be due to the characteristics of the receptors themselves . One of
the direct approaches is the measurement of the absorption spectrum of the visual pig'aent in a single cone
or rather the difference in the spectrum after bleaching. The other is to put microelectrodes in single
receptors and measure the variation of their electrical polarization as a function of both light intensity
and wavelength. The 'asurement of the difference spectrum of a single cone is simple in conception. One
merely puts the isolated cone into a microspectrophotometer and measures its optical density as a furrction
of wavelength before and after a bleaching light. In practice of course, it is not so simple. These cells
are quite small and the amount of pigment they contain is small. Therefore the light used to establish
the initial or unbleached spectrum must be very dim. Otherwise the first exposure of light at the waelength
used will bleach all of the pigment, leaving none left to be measured by other wavelengths. In this case
the entire spectrum could not be plotted on a single cell. flowevnr, thcse technical difficulties have been
overcome and similar results have been obtained by many independent groups: Marks (16), Wald and Brown (25),
Liebman (13), Harousi (7), and others. All find that there are three types of receptors whose absorption
peaks roughly correspond to the blue, green and red receptors. In Figure 4 some typical curves from these
experiments are illustrated.

The use of the second direct technique, that of probing with electrodes into the single cones
gives comparable results. Here again a numbqr of investigators have confirmed the original results. The
most complete set of data is that from Tonits and his co-workers. In the cones a steady hyperpolarization
(that is, in increase in the negativity of the cell with respect to the outside) is recorded as the intensity
of the stimulating light is increased. The sensitivity to different wavelengths can also be measured. This
is shown in Figure and it agrees with measurements made on the difference spectra of cells from the same
eye. This indicates that the difference spectrum of the cell is also thL action spectrum. The magnitude
of the stimulus that bleaches the pigment in the photoreceptor cell then, is the same as that which is
responsible for stimulacing the cell into electrical activity.

The third or indirect approach will be described in greater detail below. Briefly this consists
in recording from other cells in the retina in order to see just how they are connected to the cones, then
attempting the stimulus is adjusted that the response of the cell recorded from is dependent only upon
the characteristics of the cones. That is, as the wavelength is varied the stimulus is presented in such
a fashion that the interaction of the cone with that particular cell is the same. Some of the interactions
are quite complex in the retina and only under certain conditions can such inferences about cone function
be made.

The output from the receptors appears to be proportional to the amount of hyperpolarazation induced
into the cell by the intensity at a given wavelength of the stimulus. The output of the receptor cell
goes to bipolar cells, horizontal cells, und Mueller fibers. These in turn interact with the amacrine
cells, They all finally converge upon the ganglion cells at which poiit the message is integrated sufficiently
to form the basis for all further activity by the visual system. That is, all information passing from
the receptors back to the visual cortex must pass through the ganglion cells. The ganglion cells furnish
a logical place to look for information which will actually be used by the nervous system in deciphering
the visual stimulus. However some details about the function of those intermediate structures will be
necessary as a background for an examination of the ganglion cell activity.

B. Intermediate Structures

It is sufficient to say that in all the structures intervening between the receptors and the
ganglion cells that no nerve impulses are seen in any regular fashion. Most of these cells appear to respond
with graded changes in potential much indeed as you might expect from an analog computer. Although there
are many, many micro steps with the release of separate transmitter molecules by each cell at its synapses,
the noise in the system is such as to probably effectively block out most such discrete variations in the
final response. One possible exception is that due to the so-called quantum bumps in the receptors. In
scotopic vision the stimulus of a single quantum of light can produce a single quantized electrical response
in the red receptors. However at photopic light levels such effects are not seen in the cone receptors.

1. Opponent color responses

Figuie 4 shows typical recording from a horizontal cell. Records of this type triggered off the
modrn interest in color vision, when they were obtained by Svaetichin (20) in the middle SO's. In these
cells (later identified as horizontal cells) that the magnitude of the potential varies with the wavelength
is not unexpected and that the cell is hyperpolarized or depolari:ed by light is not in itself surprising.
However, that it should both hyperpolarize and depolarize is startling. |lere we have a suggestion that
retinal coding of color is similar to the description in iering's color vision theory. In those horizontal
celis, as shown in Figre 5, there is hyperpolarization at one end of the spectrum and depolarization at
the other end. So .. lSave even more complex curves such as the triphasic one in Figure 6. These
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curves can be shifted around by color adaptation at one end of the spectrum or the other. This shows that
the response of this cell is composed of the inter-action between two separate groups of receptors, each
group of which is acting independently. It is only recently that all the different types of cells involved
have been positively identified by staining technique.

2. Objections to opponent color responses

For a long time many investigators believed that the horizontal cells, which were the first type
to be identified, were not along the main line of information flow. It was supposed that the responses
of these cells were formed by the addition of the extra-cellular current flow from two or more cell types
which were on the main line of information flow. In this case it is supposed that there would be two cells,
possibly bipolar types, lying close to each other, each carrying information from a different class of
cones. In this case the bipolar cells were considered to have simple monophasic responses as a function
of wavelength, some depolarized, others hyperpolarized. A third cell, this time an horizontal cell (possibly
glJal in nature) lying in between the bipolar cells could reflect the activities of these two types by
summating the external current flow from each ( 6 ).

One might suppose that the two or more classes of bipolar cells in close juxtaposition to each
other might each represent the activity of a different class of receptors, that is, one bipolar cell for
example might be hyperpolarized by the red end of the spectrum and its neighbor depolarized by the blue
end of the spectrum. The horizontal cell lying in between would susmmate these activities and (as the external
currents though would have the opposite sign) be depolarized by red, hyperpolarized by green. However,
the crux of this theory was that this summated or opponent colors information from the horizontal cells
was not passed on to the deeper layers in the retina. This interpretation of the data was compatible with
the Young-llelmholtz theory. A ganglion cell, for example, would receive its input from only one type of
cone (or even, in the foveal region, a single cone) as was axiomatic in an analysis based on the Young-
Helmholtz theory. A variation in this theoy viewed the horizontal cells as glial in nature. The glia
regulated and modified the neuronal activity by slow and long lasting setting of the level of excitability
(2) (14).

However, now more is known about cell types other than the horizontal cells. All types
may upon occasion display qualitative differences in behavior as a function of the wavelength of the
stimulating light. Thus the responses of most intermediate cell types resemble those already described
for the horizontal cells, This departure from the Young-Helmholtz model is even more apparent when the
responses of the ganglion cells are examined.

Before we pass on to the ganglion cell characteristics it should be not-. that the responses
of the horizontal cells, the bipolars, the amacrines and others, show in addition to the color coding a
high degree of spatial organization (17a). That is, each cell lehaves as if it is connected to receptors
in a large area of the retina. Perhaps in the foveal region in primates only a few cones are connected

* to one bipolar. It is in no way evident that each bipolar cell is a private line for a single foveal cone.
Indeed it seems to be that there are at least four cones to each bipolar, al,d each cone is connected to
more than one bipolar. The receptive fields of thesu cells (a large portion of the retina connected to
each) indicate convergence of receptors upon a single cell. The implications that this convergence has
for form perception and visual acuity are beyond the scope of this paper, and must be considered in detail
at some future time.

C. Ganglion Cell Response

All responses leaving the retina originate in the gvnglion cells, thus, all information upon
which the higher centers act is based on the ganglion cell responses. The ganglion cell output is in fact
the raw material for perception itself.

1. Color components of ganglion cell responses

In the ranglion cell responses is the final and irrefutabse evidence that a type of sensory coding
based on some r -_ ation of the Hering opponent colors theory is an integral part of the vertebrate visual
system. Pigure 7 illustrates this point. Her, a ganglion cell has some ongoing (or spontaneous) activity
in the dar =wn red light is used as a stirmul is it is stimulated to higher levels of activity. When
green light is used as a stimulus it not only is not excited but rather is inhibited. This is shown by
the suppression of the background of spontaneous activity. This pattern of responses, of course, parallels
those of the horizontal cell where a hyperpolarizing response of the horizontal col, represents inhibition
of the ganglion cell and depolarization of the horizontal cell represents the excitation. In the ganglion
cell also it is evident that these two influences upon the cell represent an algebraic summation. The
red and green components of the response, to name an example, can be manipulated separately by light
adaptation and other means.

2. Spatial aspects of ganglion cell responses

The ganglion cell responses also reflect the high degree of spatial organization in the responses
of the earlier layers of the retina. Figure 8 shows the receptive field of a ganglion cell in the retina
of a goldfish. It should be noted that there are two zones with a pair of opposed influencus in each.
That is, the red information channel exciting the center which is opposed by a green information channel
inhibiting the center. The red off response in the periphery opposes the green on response in the periphery
and the red on response in the center. A similar situation exists for the green.

The peripheral portion of the receptives for ganglion cells in the primate retina or human retina
have not been worked out in as much detail but it is likely that similar types of organization will be
found for them. %Jbst of the work done to date in primates has been on form and motion detection and has
largely ignored the interactions between color and form or motion perception. It is obvious, however,
even from the few experiments that have been done so far, that the ganglion cells in the primate system
have complex receptive fields. Color is certainly a large part of the complexity. Many more experiments



are in progress morw and a more coplete schem will be available soo. ta

'e info-matlon-passes through the lateral geniculate body to the cortex, the tectm, and Into
the various association centers. Fven the fragmentary knowledo-at thepresent Indictes that much more
elaborate forms of coding and decoding are taking place In all these ires. Although we have may-isolated
facts we donot have sufficient daia to give us a eomlete comprihensive theory.

3. PRESLT CCLUSIOS TO BEDR-P.A F CfLWtI "%7RLY-AVAILA rATA ON TE-VISUAL sysIIEm

The- obvious conciusioh to be drawn is: that the visual system represents a ble dof the Young-
Helmholtz i ichrmatic theory of color vision with that of its seemlng mutually exclusive antithesis, t!.e
Bering opponent colors theory. It is not zurprising that previous experiments, in some cases, supported
one theory, in other iases the other. Indeed, both theories are somewhat true. There are three -pes
of color receptors ar d they are coupled together in opponent pairs. This coupling-occurs very early in
the system. One might speculate st the present time as to-hat Implications could be drawn from such a
blended system. For exi le, itus look at the message from the ganglion cell in terms of 26at might
be perceived from it.

A. Constraints Placed U~pon Perception by the Ganglion Cell Responses

Th7e early sation or interaction of responses fromcthe different classes of color receptors r
seems to suggest that inforation about relative Interaities of each of the color components is pasied
back into the central nervous system. Consideration about absolute intessities is iot present in a straight-
foiwaid way. This situation probably underlies Crassaman's law of color metching. A color satch made
under one set of background lighting conditions-will hole even thoughthe lackground conditions are changed.
This is true even though. the colors are not perceivJ as the sme as the original pairi i.e., the raxe
of the color night change.

In our earlier analysis ve -ave ignored-the role of the rbds..Recent experiments indicate that

all ganglion cells are connected through intermediate cells to cones(4). Thus any information reaching
the higher centers from a rod receptor must, pass through a ganglion cell which is also.connected to a cone.
A complete rod input of course is gray as in night vision. Although the Purkinje shift also depends upon
rod function, for the-moment we will overlook this and concentrate upon photopic-conditions when normatl
we do not expect rod fanction. 7he evidence at the'moment suggests that when the cones are stimulated
sufficiently strongly they prevent the signal frog the rods froi reaching the ganglion cells. it is tempting
to speculate at this time about the situations where colors are desaturated. that.is,-a large amount of
white added-with ,the spectral stimulus. Possibly the opponent pairs of cones h=wve theirresponse balanced

* in such a way that-they cancel each other. 7his allows the rod response to leak through to stimulate the
ganglion cells. As the rodi appeir to be connected to the ganglion cells in such a way as to simulate
a balanced cone- input, then any rod Input would seem to be a desaturation of the stimulus color. This
wouldcbe the situa-.ion when many of the cones are equally-stimulated ;s by any broad band stimulus, so-
called white light. it is possible that large numbers of rods would also contribute-to the-signal to
determine perceived color. Al~o~-his. could be why a saturated color next to an unsaturated one tend- to
makC the unsaturated color look iore-saturated. The saturated color would have the effect-of decreasing
rod function generally; that is, over wido areas of the retina, which would then indicate higher saturation
values for all the-colors in-the visual field.

B. Relation of Physiological Data to Other Current Theories

Several other theories of color vision have been popular in the past few years; noticeably the
dominator modulator theory of Granit (S), the unireceptor theory of Biernson (1), and the retinex theory
of Land (12). The dominator modulator theory for many years used the best physiological-daia available.
Hio4ever in many ways it was a misinterpretation of that data in an attempt to reconcile-the data with the
Young-elmholtz theory of color vision, Such obviously is not possible as-more data became-known. The
datathat was collected by-Granit has, in fact, been used asa bolster for our modern theory blending the
Hering opponent colors theory with the Young-Hielmholti trichrbmatic theory. As mentioned before the
techniques perfected by and questions raised by Granit have ,formed- the basis for more modern experiments
leading to the current theory.

Biernson's theory was one torn after its time. ie-postulated a single cone type which by a
Scanning methdd haddifferent spectral sensitivities, Althougmathematically possible, it is inconsistent
with the mlcrospectrophotometry and electrophysiolov"of single cones. At piesent it is completely untenable
as a model for reality. As a theoretical iodel for a color vision system in an unknown animal it would
certainly work and be-iquivalent in overall function to the systems that we do know.

In its broadest sense Land's theory emphasized the relative aspects of color. it is really in a
direct line from oethe's theories, where everything depends upon border contrast, overall luminances and
in background colors. Land emphasizes the deviations in actual color perception from what would be expected J
from a ptrelyphysical analysis of thestimujlus. Ihe theory itself is not complete nor novel as seviral
articles, notably those of Judd (II) ind Walls (24) have shown. However, Landts insistance upon tht per-
ceptual aspects of color should notbe overlooked. It is certain that future research in color vision will
concentrate heavily on the types of phenomena that he has shown 3o elegantly. These are mostly related to
color contrast and the difficulties in relating perceived dolor to the physical itimulus.

The simplest way to undeistand-color vision at present is probably to ignore all of the previous
literature in the field. Color ision is a field in which too much has-been written. -The student is
drowned in a sea of,literaturo. One can only hope that in the future, a definitive exposition'wll be
written describing the detailed wrking of the visual system together with a simplified summary of the
principles upon which it operates.

E. Implications of Modern Theory for Defects in Color-Vision
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The foregoing-anlysis shows that man lci exist in which structural or functional defects cause
disturbanccas in color vision. Depending upon the severity of the defect and. its location, individual color
perception may deviate frme essentially normal to completely lacking, with many small gradations in between.
For example, a teduced amber of one type 6f conewould cause an emhbasis of the colors depending on the
sigrAls from the oter types. Possibly some false color infirmation can also come from the rods as has
been explained above. However, the perception of colors can easily be separated from the eprception of
form. NOt all types of cones seem to be uwed In visual acuity-under usuml circumstances. Thus, visual
acuity Wl' be normalwhen the color-sense is quite reduced. There are few blue-cones and-they seem' to
report color rather than form. Blue light would havre the lowest visual atuity associated with it. Yellow
is the best for visual icuity and for intensity matches. t

The color-defects will to a-larte extent fall into the scheme proposed by Hering. Green and
red perception will disappear together, as _iould blue -and yellow. However, the luSinosity esponse will
also be affected if one of the classes of concs; is-missing! Such seams to berthe case for-protaopes
who lack sensitivity ii the yellow red regions of the spectrum,

F. Possible Variations in Normal Color Vision Resulting From Stress and Fa gue

In general the-operational demands upon normal color vision are quite xross. They do not involve
sdphisticated differences between hues or saturations. Of course where color camouflage is involved some
very sensitive Individuals may perform much better- than those with so-called normal color- vision. Those
in turn are at an advantage over color defectives. However, it should be expected that in such a finely
bala ned system as the one that mediates color pi.rception, stresz, fatigue, and other deloterious effects
resulting from variations in the environment will affect color vision. Perhaps these variations in color
vision only-show up in-tests which reveal the detailed inner balance of the.system. Color illusions,
such as Bentham's top, depend upon a confusion between types of information within the visualsystea,
in this exle, that of notion Information with- color. Any shifts in the operating: characteristics in
the various parts of the system will change the perception of this type of illusion. Adverse.conditions
can also influence the recognition of colors and the success of a particular operational mission may be
Impaired. For example, if low intensity (and low saturation) red and green were confused then it would
be difficult-to judge whether an airplane is approaching or leaving, as'port could not be told from starboard.
when more is understood about the visual system other examples can be predicted. Perhaps in the-future
our understanding of what demands-and limitations can-be reasonably placed upon color vision-will be more
complete. Now we mainly find the limitations after an accident points up some particular quirk in the
perception of colors.

4. CONCLUSION

Our present understanding of color indicates that the classical ineories of color vision, the
three color receptors- of,Young-Helmholtz and the opponent colors type of information processing postulated
by Hering are both present in~the human visual system. This mixture accounts for both the phenomena-of
color natching or hue discrimination and such perceptual qualities of color as the-division of the spectrum
into color bands. A discussion has been given of the detailed functioning of the cells in the visual
system, especially within the retina and the relation of- this function to color perception. Some details
of how this knowledge can aid in understanding the roleof color vision in operation situations are nentioned.
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Figure 1. lie spectral sensibility distribution of Young's three primaries as interpreted by Helmholtz.
R * red, 0= orange, G yellow (gelb), Gr - green, B1 * blue, V • violet. Adapted from Hecht (8).
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Figure 2. Relative sensitivity of standard receptor curvet from the colorimetry committee of the Optical
Society of America adapted from Troland (22).

Figure 3. Spectral distribution of the primary excitation curves (action spectra) of the reteptors as
suggested by Hecht (8). Rt - red, G - green, V - violet (blue). The development of Thomas Young's three
color primaries is shown here in its most extreme form.
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Figure 4. Different spectra and action spectra for cones in goldfish retina. The different spectra
(solid lines) are based on the data of Marks (16). The action spectra (solid circles) is based on the
recordings from single cones with micropipettes by Tomita et al. (21). These data indicate that there
are three cone types with widely spaced spectral peaks. Similar difference spectra have been obtained
from human cones.
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Figure S. Potentials recorded from a horizontal cell in the goldfish. Up in the diagram indicates
positive at the recording electrode. The horizontal trace indicates the renting level of the cell in the
absence oZ a stimulus. The sweep direction of the wavelength change and its duration are indicated by
the arrow at the base of the record. The peak to peak height of the response is approximately 4 mV. The
ratio between the hyperpolarization and depolarization can be altered by the chromatic adaptation (after
Wagner t a.. (23)].
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Figure 6. Trichroma response recorded from horizontal cell in the goldfish retina. Peak to peak value
of the response is approximately 9 mY. The horizontal line indicates the resting level of the cell in the
absence of a stimulus. The resting level is approximately 30 m0 negative to the surface of the eye. The
other details are the same as in Figure 6 [after acNichol et al. (15)].
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Figure 7. Variation of response of a single ganglion cell in 2goldfish retina with a change of stimulus
wavelengths. A constant intensity stimulus (4.5 x 10-2 VW/cm ) was used. The wavelength of stimulus in
nanometers is given beside each record. The duration of stimulus is indicated by a step in the signal
trace at the base of each record and was approximately one half a second. Impulses occurring before the
end of each record are spontaneous in origin. The variation in the height of the spikes probably reflects
the relative polarization or depolarization of the ganglion cell at the time the spike was initiated. It
should be noted here that the off response (or increased frequency of impulses at the cessation of light)
is intimately connected with the suppression of activity during the time that the stimulating light
exposure. There is always a noticeable latency between the stimulus and the response for both on and off
[after Wolbarsht et al. (26)].
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RED ON (OFF)
GREEN OFF(ON)
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RED OFF(ON)
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Figure 8. The spatial distributions of color sensitivity of a typical ganglion cell is mapped on the
surface of the retina. This receptive field plot shows central and peripheral zones. These follow the
selection rules given in Spekrei jam et al. (19) . Two types of ganglion cells responses are shown, with
and without parenthesis. The responrsei-within the parenthesis are always paired with each other, but are
never found in combination with those not in parenthesis. In each. of the two areas complete sumzmation is
to be found for each of the different influences. Not all of these responses are present in each of the
ganglion cells. A blue receptor (not shown in thist diagram) is also present in some of the more complica-
ted kinds of fields. Presumably these spatial distributions of sensitivity are derived from the spatial
distribution of such complicated intraretinal horizontal cell responses as shown in Figure 6.
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Practical Aspects of Color Vision and ito Disturbances

by

Dr. Dietrich KURSCHNER, Col., MC, GAP
Head of the Ophthalmological Branch

of the German Air Force Institute of Aviatio Medicine
F"Urstenfeldbruck, Germany

SUMMARY

A number of specialities of the Ge"r.n Air Force except ?lying Personnel tere
assessed to determine the extent of color Jvsion required by the personnel involsed.
It could be shown that only for the activicies of the Telephone Technician and Telephone
Construction Technician is normal iolor vision mandatory.

Literature on color vision i man shows that the problem of color perception in
training for and performance in an occupation has hardly been covered. In particular there are
no indications which color information must be perceived in the separate branches of activities
and which color information is important or of less relevance. This is very surprising inasmuch
as an on the job analysis of these problems may be accomplished without great experimental
efforts or equipment. In a field ntudy I bave assessed nearly all specialities of the German
Air Force except Flying Personnel using the following criteria:

1. What color signals or markings must be perceived
in different Air Force specialities?

2. Are color signals and markings the only source of
information for the activity in question?

3. Are there pieces of information in the respective
activity which replace a color signal or a color
marking or supplement it to such an extent that
the information may be perceived correctly?

4. Can it bi sid in consequence that color deficient
solldiers ray be assigned to the respective specia-
lity without any hazards?

5. We have accanted the findings of a publication by
CIBIS and HUCK in 1949 as a yhysiological criterion.
The data presented by these authors show the
perception threshold in the normal trichromate to
be at a visual angle of 62,5 angular seconds and in
the abnormal trichromats at 105 angular seconds.(1)

When dealing with the problem how color deficient persons perform I have the advautage of
being deuteranomalous myself. On the anomaolncope after NAGEL my value is 20/15, when using the
pseudo-isochromatic plates after ISHIHARA mi error score is approximately 7,and I also have a
moderately anomalous alteration of color contrast. Under these aspects the following air force
career fields were studied (for illustrations see appendix):

A. SIGNAL AND TELECOMMUNICATICNS

I. Stit-bboard Operator
2. Teletype Operator
3. Mora Code Operator and R/T Operator
4. Telephoni Technician and Telephone

Constrtction Technician
5. Teletype and Morse Code Technician

B. RADAR CONTROL SERVICES

1. Radar Aircraft Warning Service
2. Radar Forward Air Controller
3. Radar Anti-A/C Rocket Control Service
4. Radar Air Status License
5. Radar Operation License
6. Air Defense License
7. Air Defense Control License

C. MILITARY AIR TRAFFIC CONTROL
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D. ELECTRONICS WARFARE

1. Radar-Ayproach Control
2. Radar-Ground Control Approach
3. Tower Controller
4. ElectronicReconnaiseance
5. Cosunications Intelligence Operator
6. Radar Technician

E. AIRCRAFT MAINTENANCE

1. Aircraft Mechanics
2. Engine Mechanics
3. Aircraft Electricians
4. Aircraft Electronic Personnol
5. Instrument Mechanics

A. SIGNAL- AND TELECOMMUNICATIONS

1. Switchboard Operators

At his place of work the switchboard operator suet perceive color information, namely
white signal lamps for incoming callo, red end-of-call lightstand green operational control lamps.
The observation distance is approximately 40 cm6 the diameter of the lights is 8 am. They are thus
seen under an optic angle of approxinately 1,16 . Under these circumstances even a color deficient
person can not overlook the signal. Therefore switchboard operators may be deuteranomalous or
protanomalous without jeopardizing the operational safety and task performance.

2. Teletype Operators

Teletype operators are not required to differentiate between colors in the line of duty.
Color deficient subjects may enter this speciality without limitations.

3. Morse Code Operatom and R/T Operators

No special demands are placed on the color vision of this personnel. On some devices red
or green control lights must be perceived which give information as to the operational state of
the equipment. There is no danger that these signal lights will be overlooked or not recognized
by color deficient operators. Color deficient subjects may also enter these two career fields.
O "hile the tasks of the operators do not place any essential demands on color vision, the situation
is somewhat different in the case of maintenance personnel of the Signal- and Telecommunications
Corps.

4. Telephone Techniciansand Telephone Construction Technicians

It may be said of soldiers in this speciality that high demands are placed on their color
vision. Telephone lines, which are buried as so-called underground cables have up to 300 twin
wires; mounting cables for a telephone trunk distribution and relay bays have up to 50 twin wires.
These paired wires can be differentiated by the colors of their two wires. Thus, one wire of a
twin wire may be red, the other one white, or one blue and the other one white. The remaining
pairs may be yellow/white, green/white, brown/white and black/white. Then the next group ofpaired
wires starts again with the colors red/white and so on. In a buried cable comprising 300 paired
wires there is a multitude of confusing color impressions. Even higher requirements are placed
on color vision when considering the color markings of paired wires in so-called switchboard
cables. Here, the insulation material of one wire of paired wires is always red, and the marking
of the other wire consists of blue, yellow, green, brown or black rings, approximate width l,5 mm,
which are laid on the white insulation material at spacings of 1 to 2 cm. In case of telephone
interferences such cables must be "untied" in the relay bays in order to find And trace the
defective paired wires. For this purpose the color marking is the only information available for
the telephone- and telephone construction technician. Since repairs of this nature have to be
performed predominantly under inadequate lighting conditions, color deficient subjects may
commit gross mistakes. Particularly among the color rings of the paired wires of switchboard
cables mix-ups between dark-blue, green and brown are almost inevitable.
Telephone- and telephone construction technicians must therefore have a complete color vision
capacity.
Contrary to these careers, color markings are not of such great importance in the following
special fields:

5., Teletype and Horse Code Technicians

Teletype- and radio sets also contain the red, green or yellow cables, approximately
1,5 mm thick, and sometimes also of brown or black color. The circuitry and arrangement of these
cables is, however, relatively simple. If one considers that repairwork on this equipment is
mostly performed under good illumination at the place of work, a confucion of these cables due to
color deficiency io nearly impossible. Therefore these jobs may also be performed by deuteranomalous
or protanomalous persons.

B. RADAR CONTROL SERVICES

This speciality comprises essentially the following groups:

1. Radar Aircraft Warning Service
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2. Radar Forward Air Controllers
3. Radar Anti-A/C Rocket Control Service

Persons holding a Radar Air Status License, a Radar Operation License, Air Defense
License or even an Air Defense Control License, originate from one of the above mentioned
specialities. They are essentially responsible for supervisory and control functions and they
observe the radar screens only in exceptional cases and then only for a short period of time.

Cincerning these activities it can tcvnerally be said that neither observation,
evaluation and image interpretation nor operation of the radar equipment require an absolutely
normal color vision. What is required is a good differentiation between light intensities. Red
or green control lights inform only about the functional state of the equipment and during reduced
room illumination their intensity and brightness is sufficient agd, having a diameter of 8 sm,
they can be viewed under a sufficiently large visual angle (1,16 ) from an observation distance of
40 cm. The control-sticks and buttons of radar equipment are in color on some models, which in
completely uncalled for when handling them under mesopic visual conditions or even in complete
darkness, but in such cases they have various shapes which are very appropriate and thisthey can be
differentiated through the tactile sense; the color is therefore not the only source of information.
The same applies to careers of

C. MILITARY AIR TRAFFIC CONTROL

1. Radar-Approach Control
2. Radar-Ground Control Approach as well as to

D. ELECTRONICS WARFARE

1. Electronic Reconaissance

Another career within the speciality of electronics warfare, the

2. Communications Intelligence Operator

has hardly any visual tasks and consequently his color vision is not stressed. The
maintenance and repair of equipment used in the Radar Control Service, in Military Air Traffic
Control and in Electronics Warfare is the responsibility of technicians which in part are highly
specialized in their activities. All of them are not only dealing with colored cables during
maintenance and repair work, but also with colored condensators and above all with the color coding
of small and minute resistors. Particularly the differentiation of micro resistors is taxiing the
color sense of the technicians evert more. The size of the resistors is as small am 3,7 ME in length
and 1,7 mm in circumference. It is understandable, that these small dimensions prohibit marking b;'
numbers or letters and the ring-like color coding indicates the value of resistance depending on
the color, (two figures in addition to multiplication factor and tolerance value). When viewing
these little resistors one believes on first sight that technicians having to handle them must in
any case have a completely intact color vision. Critical analysis of every task process and work
situation, however, leads to a different conclusion.

1. Search for the source of disturbance is done with the aid of a connection diagram and the ohm-
meter. Both procedures involve no color vision.

2. In case of disturbances in an operational equipment not only single resistors are replaced but
complete construction elements (Pies).

3. Defective construction elements (Pies) say only be repaired in the workshop; this means a good
work place illumination and work without time pressure and without compulsive body posture.
Under these circumstances a mix-up of smallest color codings is nearly impossible, even on
part of color deficient technicians, which fact is supported by the author, who himself is
deuteranomalous.

4. If difficulties should arise when diffe"entiating between detective resistors (damaged color
coding through thermal effectal) the rosietanco value say be found through measurement.

It say be said also in this came that deuteransaaloua and protanosalous individuals may be accepted
without risk in the above mentioned careers and sepecially if they have an appropriate professional
background from their civil life. As an additiosal safeguard against erroneous handling color
deficient technicians should predominantly be used for work in repair shops and optimal working
conditions should be created for the recognition of color codinga.

When studying reports In ophthalmological literature telling about errors of color deficient indi-
viduals in the selection of resistors in assembly plants of the electronic industries (3), one Aunt
keep in mind, that the work involved Is not repair but purely productionsand it is eelf-axplanator
that requirements on color vision for those laborers with a view towards the work process are by
far higher.
We must also be critical when aseasing the demands on color vision for tower controllers. So far
a completely normal color recognition was demanoed from this group of persons. If one observes the
work process of a tower controller, it becomes evident that dolor codings play a definitely
secondary role. The following should serve as illustration:

1. Colored runway lighting.
2. Red lights to indicate obstacles on buildings of a

certain height in the vicinity of an airbase,
3. Colored illumination of the sight of the light gun.
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4. Colored markings on signal ammunition.
5. Red and white diagonal strips or checkered marks

on obstacles and vehicles in the vicinity of or
directly within the flightline area.

6. Perception of red transmitter control lights and
of green control lights for incoming calls on the
R/T installation of the tower.

Ref.1: The colored runway lighting is compulsory and follows a fixed pattern. The controller
XM! the location of the separate colored light rows, making an error even on part of color
deficient individuals practically impossible. In order to monitor and make sure that all lights
are illuminated the tower controllers have recently been equipped with runway light monitoring
panels.

Ref. 2: The control of the red obstruction lights and markings is performed from the tower by
means of binoculars. Determining whether these lights are illuminated or not is exclusively a
factor of brightneso perception and not of color perception.

Ref. 3: In exceptional cases, for instance when R/T communication fails, the controller must give
red or green light signalswith the so-called light gun to aircraft in the air or to those taxiing.
To make sure which color filter has been placed into the light gun the controller checks the
color of the front sight which he perceives when aiming the light gun under a visual angle of
about 2,6 angular minutes and the position of the adjustment lever. Therefore errors on the basis
of false color information are excluded. If you keep in mind that the smallest visual angle under
which an abnormal trichromate can still recognize red and green surfaces as such is 105 angular
seconds the color surface of the light gun sight subtending about 2,6 angular minutes is more than
sufficient. The light gun, by the way, is only used very seldom. In 1969 H.L.GIBBENS and M.F.LE;.IS
(2) reported, that during 1 906 487 monitored flights in a certain area of the United States the
light gun as a signal was only used in 0,062% of the cases. This is a percentage which causes us
to reflect on the necessity of requiring tower personnel to have a completely normal color vision.

Ref. 4: Signal ammunition is marked by a relatively broad ring of the cartridge case in matching
color and by a certain pattern of notches. Moreover the color coding is not the only source of
information in such cases. Red, green and yellow signal lights must not be overlooked nor misinter-
preted as to their color by the controller if they are fired from the tower, from some spot on the
flight-lineor from an aircraft in the vicinity of the airbase, since red signals fired from VERY
pistols have a hue of 656 nm and a brightness of 5.000 candelase and green signal ammunition has a
hue of 540 and a brightness of 1.50 candelas, and theyburn for five to seven seconds. It can be
assumed that these color signals can be correctly interpreted even under INC by deuteranomalous or
protanomalous controllers.

Ref. 2: The red-white checkered pattern identifying obstacles next to the runway or vehicles
permitted to drive near or on the runway will not be overlooked by a color deficient controller
because these markings stand out more through their brightness contrast than through their colors.

R Red transmitting and green incoming call control lights on the R/T-Panel having a diametsr
of are seen from an average observation distance of 40 cm under a visual angle of about 1,16
The predominant number of anomalous trichromates perceives red and green light signals of 1
without fail on a color testing lantern after BEYNE. Moreover the color signal in this case too
is not the only source of information. It assumes only a supporting role in addition to hearing
and the tactile sense. Under these circumstances there are no high demands on the color vision
of tower personnel. Therefore deuteranomalous and protanomalous subjects will hardly pose a threat
to flying safety.

It is a frequently held opinion that technical personnel responsible for the naintenance of aircraft
must have a fully normal color vision. This includes

1. Aircraft Mechanics
2. Engine Mechanics
3. Aircraft Electricians
4. Aircraft Electronics Personnel
5. Instrument Mechanics

Ref. 1: Even a color deficient aircraft mechanic will not overlook red, yellow, or green control
lights on the panel, the red safety pin markers on the firing mechanism of the ejection seat and
the red streamers of the safety pins on the landing gear or on the tail unit, since they again
appear under a relatively large visual angle as seen by the observer. It can be difficult for a
deuteranomalous and protanomalous aircraft mechanic to decide whether a liquid dripping from the
fuselage is aircraft fuel or the red color hydraulic fluid. Smelling and feeling the liquid may
help in such cases.

£e,2: The engine mechanic is also not required to perceive or differentiate between colors of
vital importance. Fuel-, Pressure- and Hydraulic lines are marked in color, but besides this color
a black-white symbol has been added (cross-checkered or diamond-shaped pattern) which facilitates
discrimination of the lines mentioned without precise color perceptions.

f The same applies to an aircraft electrician.His activity in first echelon maintenance is
confined to functional controls. At the present time, the majority of the electrical cables in the

aircraft are marked white with black inscriptions. Red, blue, yellow and metal-colored terminals
present themselves under a sufficiently large visual angle and it is safe to assume that deuter-
anomalous and protanomalous individuals can differentiate safely between them.



Ref. 4: In first echelon the electrician essentially performs function teston electronic
equipment. Sometimes he must replace entire construction elements. The perception of small
color codings on the resistors, as for instance during repairwork on radar equipment, does
not play any part in this activity.

Ref. 5: The instrument mechanic does not rely on color codings when checking the functioning
of instruments. Reading aids on instrument displays in form of white, green, red and yellow
sections have only a supporting function. He receives the information concerning the functional
condition of the instrument indication by means of the pointer or scale position.

Disregarding flying personnel, an analysis of the conditions prevailing at the workplace of the
most important other careers in the Air Force reveals, that perception and discrimination of
color markings is indispensible and important for the safe performance of the task in only a few
cases.
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APP£MIX

A. Signal and Telecommunications.

Only Source of A Normal
Specialities Type of Color Display Inlormation ? Auxlary Markings Color Vision

Yes [No or Cues? Mandatory?

Switchboard Operator Red, green & while X Hearing cues No
control lights

Teletype Operator No color display N/A N/A - No

Morse Code Operator & Red & green - X - No
RT I Operator control lights

0 Telephone Technician & Color markings of
Telephone Construction cables & twin X - Yes
Technician wires

Teletype & Morse Code Red, green & - X Simple arrangement No
Technician yellow cables Connection diagram

FlugntdinsiL.w / Abt. I

B. Radar Control Service.

Only Source at Auxiliary Markings Normal
Specialities Type of Color Display Information? or Cues? Color Vision

Yes No Mandatory?

Radar Aircralt Warning Red & green control lights - X Fixed pattern No
Service Plotting boards

Radar Forward Air Red & green control lights - X Fixed pattern No
Controller Plotting boards

Radar Anti A/C Rocket Red & green control lights - X Fixed pattern No
Control Service Plotting boards

Radar Air Status Red & green control lights - X Fixed pattern No
License Plotting boards

Radar Operation Red & green control lights - X Fixed pattern No
License Plotting boards

Air Defense License Red & green control lights - X Fixed pattern No
Plotting boards

Air Delense Control Red & green control lights - X Fixed pattern No

License Plotting boards

Fl.g,.dl tit w I Ab. I
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C. Military Air Traffic Control and D. Electronic Warfare.

Only Source of Auxiliary Markings Normal
Specialities Type of Color Display Information ? or Cues ? Color Vision

Yes 1NO Mandatory?

Radar Approach Control Red & green control x Position of control
lights sticks

Radar-Ground Control Red & green control - X Position of control No
Approach lights sticks

Tower Controller Colored rJnway lighting Fixed pattern
Red lights on obstacles Brightness perception
Light gun Position of adjustment

- X levers No
Color markings on Pattern of noches
signal ammunition
Red & green control Position o control
lights slicks

Communication No color vision task N/A N/A No
Intelligence Operator

Radar Technician Color cables Connection diagram
Color coding ot small - X Ohmmeter No
resistors

Flxg-edlstvLw I Abl. I

E. Aircraft Maintenance Personnel.

Only Source of Auxiliary Markings Normal
Specialities Type at Color Display Information ? or Cues I Color Vision

Yes No Mandatory?

Red, green, yellow
control lights Fixed pattern

Aircralt Mechanics Red markings on fuselage X Fixed pattern No
Red streamers Fixed pattern
Red colored hydrolrc oi Smell & touch

Color markings of
fuel lines
Color markings ot

Engine Mechanics pneumatic lines Markings by symbols No
Color markings of
lubrication lines
Color markings at
hydrolic lines

Fixed pattern
Aircralt Electricians Color cables X Clear arrangement No

Connection diagram

Color cables Replacement at cam-
Aircraft Electronic Color coding of small plete elements only
Personnel resistors Ohmmeter No

Connection diagram

Instrument Mechanics Red, green, yellow mark'rngs
on the periphery of dials Needle positions No

Flxg.G-xiL w I Abi. I
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DISCUSSION

CHEVALERAUD Je voudrais poser une question au Colonel Ktrschner concernant
la tol~rance de certains dyschromates c .ne les lecteurs d'6crans
radar. Je pense que les contr8leurs d'dcrans radar comme de radars
de bord montrent une fatigue psycho-visuelle important quant A la
d6tection des 4chos. On a pu v4rifier que la fatigue visuelle est
plus importante chez les gens porteurs d'anomalie du sans chromatique
que chez les sujets qui ne portent pas dianomalie du sens chromatique.
Je voudrais demander si nous n'avons pas augment6 les risques
d'erreurs, les risques des erreurs non perques ou les risques des
6chos mal interpetes en acceptant dens cette profession des sujets
dyschromatiques?

KURSCIINER It is well known that visual fatigue in radar scope observers has
many causes. The first place is surely occupied by disturbances of
eye muscle functions, of accommodation, and refractive errors. If
colour deficiences in these operators cause visual fatigue at all,
which in my opinion has not been proved beyond doubt so far, this
would only apply to protanope individuals. Since the shortening of
the long wave end of the spectrum is a characteristic feature of this
colour disturbance it may be safe t: assume an impairment of the
ability to differentiate between various brightness perceptions.
Whether this fact will have a negative influence on the evaluation
of the "blips" on the radar scope is subject to speculation and
whether this is so in the case of protanomalous subjects is more
than doubtful. This consideration does not apply to deuteranomalous
and deuteranope subjects whose brightness discrimination ability is
known to be good. We do not know of a case of a colour deficient
radar scope observer in whom visual fatigue could definitely be
traced to colour deficiency. In addition I should like to point out
that the observations reported in my paper relate only to colour
anomalies and not to colour blindness.
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L'ELUM~ DU SENlS CHROMATIQUE DANS LES FORCES AERIEXNES

FRAICAISES

Par

Midecir an Chsf de 1* Classe PERDRIEL, G.
Professeur aii Val do Gince

Anciea Suroxpert d'Ophtalaolcgie dui Centre Principal
d'Expertise PMidicala, dii Personnel Itivigant do Paris.

?(idecin on Cbof de Z* Class. CHEVALERAUD J.
Professeur Agrigi: du Sarvice do Santi des Armies

Ciief dui Service SlOphtalaahogio dui Centre Principal
dflExpertiuo Midicalt doi Personnel Navigant do Paris

Kalgri le diveloppenent des procidis iloctroniques dang Isa navigation aerienna, I* sons
chmoamatique dos pilotts it des navigateure rnts friquezzont salliciti an coura dea -diffirentee
pbases du vol., notazaent par 2

- len voyant6 luoaineu,: des tableaux de bard dont lIa tonaliti eat diffirent*-ouivant aoulilh
indiquent le bon-fonctionnoment, l.'alorte on 2'alarze

- len faux do iiocition it lea faux anti-collision

. lea faux dtapproebe et de balisage des terrains.

Lars des op~rations do guerre, los dicollagox et lea atterrisages dipendent aaasi, our
certain* terrains, dasa signalization coloe (foux et fusies rouges et rts des "starters",
dropping-tone). Qui plus eat, Ia reconnaissance do cotte-aigualisitioa colorie ext6rieure A
l~arion eat aouvent rendue difficile par lea conditionsa taosphiriquea (brnas a t brouillard, ab-
aence do cotrast.) qui or6ent un effet Bezold-Bruck'e. Ella eat ausa tris dielicate loroque la
vitesso des avions oat ilevie (vol A grand& vitesse ot bass* altitude).

La nicessiti d'un sons chroaatique diffirencii slimpoas donc toujouro dena lIa a~lection
at I* mauntien do l'optitudean vol dui Personnel Nayigant, notament dane lea fercea aeriennes.
Cot ispiratif stoxpliqze aussi par Ia fn~auence partic,liro dos dyschromatopuiao

Los diffirontos atatiotiquea dimontrent quo lea atteuntes hiriditairea dui sons colori
oat uno friquence volsine do 8 % dans la population masculine (Ridocin on Cbef RIG : 7,0k %
'1,07 % parmi lee recnues do l'Arzao Beigo). Ii Lout y ajouter lea dyscihrouatose cucs(n
viron 0,5 %) qui sont partals lea aoula stigmatos des alt~rationa dlahoirtno cii dui Las-
soon maculairo.

Lea dyschrozatopsios hr!,dities varient doneo leun ntensit6 at lour friquence rela-
tive case 1. sontre Ie tabla suvn tableau n' I).

Absence do taute perception I Achnomatopsie (I can our 300.000 individus)

cabanA. ...................

ROUGE VERT LE

(Absence do la perception I Protanopio on IDoutfiranopie oii I Tritanopie
d'une fondamentale ......... ano.(Dalton lana. Nagel I

(25 %) I 10 %) A (14 %) 1 01%)

(Dificionce d'une fondamen- Protanosalie IMout~ranomalio I Tnitainomalia
tale ....................... I oi Aito. Hart fou ano. Rayloighl

(70 %) 1 (10 %) I (5%) I

CSensibilit6 chrosatique I "law discrimination"
(att~nuie ...................I sao)ARSOT

(5 %) slnFRSOT

Sie colar6 normal
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Sur Is plan pratiqnon retiendrons do cetto clavsificationt

-Is graviti don contusions quo penvent riallsor un. dyachromate do typo Dalton et Nagel.
Le premier pout miconnaitro un fen rouge (qui lui paralt itoint) et I& second pent I.
confoadro zvoc un fin blanc.

Con erronrs sont manifestos dens Ia sigualivation colorie a4ronautique COME l'ont
montri lea oxpirizentatione do RUFF ot SCHNIDT (tableau n* 2).

Proportion d'erreurs commisea par dos sujota attointo
d'snowali* du sens chromatique done Ia reconnaissance

dens ignnux colorim

I Fenx de position I Fen= i occulta- I
( Anomallo I fixot I tion intermit- I Fusies

(I I tests I)

Anosalie Dalton 72 % d'errours 13,8 %d'errenra 77,5 % d'erreurn

A~naaie-~sel28,4 % d'erreurd 4,5,7 % d'errourn

Amalie Rayleigh I% errours 21 , 6 % 4erreura

Isl danger des anomalies "Rayleigh" at "dart",l qu l expiique per I. fait quo lea anjeto
qni on sort atteinto n~connaiznent fr~quescont lour dificitnce chrosatique. 1ls penvont
en ofot roconnaltre partaitacent une plage colorie loraqu'eile so priaente eonsie
ouverture angulaire annez grandeet que !a durfie d'exposition eat suffisante. Par contra,
lorsque I& plage a no. surface plus ridnite et quo Is temps do prisentation diminue, con
trichroinates anoreaux commettent des confusions dangereunes

- Ie "Tert" pent-Stro vu "blaac"

- I. "rouge" pent-Stre reconknu comme un lloranS6"

Ici ausni lee orreure dens lappriciation des signaux coloris penvent-Stre lourdes do
consiquencess main ellen mont somes friquentes que pour lea dichromatoe (tableau n* 2).
En fait, lea dichrcmatss do type Dalton on Nlagel paraissent impropres A reconnaitre la Bignali-
sation colorie tandis qne lea trichromatoo anorcaux peuvonts loreque leur d6ficience c'eat pmtrop pronancio, 8tre capable. d'aasumer dcc fonctiona do aicurit4 en vol. Lea tritanopes et lee
tritanomaux (arreurB pour I. bleu) no sont partiellement handicapis quo pour I& perception des
feux do roulement au sol.

Lea dcrimat2 ,,Is c ices soot do type rouge-vert (atteinte do Ia voie optique)
et d'axe blouJnn ,attinto de In chorior~tine naculaire). Lea erreura qn'elles entralnent
soot pratiquenant suparposabics A cellos quo commttent lea dyschromates h6riditairm do alme
type.

Lsailection chromatique dans lea Forces A6riennea Frangaissa interviont eyatimatique-
mont lore dos vinitos d'aptitude an Personnel Navigant (as aussi an Personnel non Navigant
charg6 de Ia ebc.,riti airienne en vol). Elle doit d~pister toutos lea anomalies hiriditaires on
acquires@ Hain elie a'exerco aussi, lore des examens r~viaionnela, chaque fois quo is moindro
altiration ophtalmoscopique de In, chorioritino et du faiscean saculaire tout suepector une dyn-
chromatopsie acquise.

La rhglementation eat on vigueur depuis 15 ann et permit do priconiser is valour du
standard S.C.A. (standard d'optitude chromatiquo) qui s'intigro done Ie profil global d'aptitude
A cdt6 du S.G.A. (aptitude physique g6n6ralo), S.A.A. (facultis auditiven) ot S.V.A. (autros
foactiono visnelles).

Co standard ne tient pan compte de Is ditorsination de I&. varikt6 do dyachromatopsie
mais essontiellment do is capacit6 chromati u!. pratign.j Jn effet l'exrportio recherche tout
d'nbord s1 Is vision des couleurs eat oxcoilente (S.C.A.x ) Lorequ'elle no paraft pan tolla,
on d~tersine Si is -c-ap-ac-ithchronatique, quoiquo amoindri*, ost encore nuffisonte pour assurer
is aicuriti an vol (S.C.A./2). Dans ie can contr-aire, In standard S.C.A./O eat attribu6. Dana
is pratique l'examsn comporte l'utilisation successive den tables pseudo-iaochrosatiquon
d'ISIIIHARA at do is lanterns chromoptom6triguo do BEYME.
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Le S.C.A./1 implique quo Is candidat no cozmett* aucu..e orreur oua hiuitation caract~risi.
A la lecture des planchos de Is table d'ISHIHARA, faite A n distance do 7 5 ca, 1. test itant in-
clm6 1 450 our l'horizontale at iclairi it l'aide dune laspe do type Eaal Mac-Beth. Chaque pla-
che eat prisenthe pendant deux seconde..

Le S.C.A./2 eat compatible avec llidentirication dos lumi~rea do couleur utiliies en
aironautique. Aussi, lea sujets commettant des erreursA & table d'ISHINARX, sent exaninis A
laide do let lanterns chrozeptomitrique do BEY'NlE prisentant Ia lnuire transuta. par des icrans
coloris, correspondent aux Upuy. rouge, Jaunts vert, blen et blanc (dent I& longuour d'onde domi-
at* correapoe riellemont AL cello des faux et balisos do 114ironautique).

La distance d'eyamen eat do 5 mitree (diamitre apparent do daux minutes) at I* tempo do pria0sta-
tion eat do 1/25a do seconde. Lea feux prisentis un A on, A diffirentes reprises doivent-stre
chbeque fii dinommia exactosent cans hisitation poer quo I* S.C.A./2 goit Attribu4.

Le S.C.A./0 oat immidiotement appliqu6 dis quluneoerreer ou unet hisitation eat constatie.

Cette technique-d'cxamen comports certeina avantagos :

- rapidit4 do lloxpertise dont Ia durie n'excide pas cinq minutes

- miloctiviti qui ripond aux impiratifs d'uno silection pratique I

- officacii qui pout toutefois Stre diacutie pour le~ test dtISIIIHARA, qui on Principe no
'Irdocii-pas derant lea anomalies d'axe triton acquises on b~riditairea. Toutofois l'ex-
pirienco sontro quo lee aujeta qui en sent atteints hisitent A Ia lecture des tables oa
existent des tenalitis bleuea, do qui incite AL lea examiner & Ia lanterns do BEYNE oa
lour dificiecos ai elle eat prononcie, apparalt nettosent A I& dinomination du fou cole-
r6 de couleur blene.

Danes lea cas deuteux, 1'Expert pout d'ailleura faire appel aux autras procidia classi-
ques do lexasen du sons chrosatique (anosaloscope do Naeol, tests do FARNSWORTH) quit peruettant
d'appricier qualitativement at quantitativesent lo degri do l'anoinalie, itayent ainsi s dicisios
d'aptitudo ou d'inaptitude.

Len risultato quo noun avens obtenus done Ie pretique do cetto expertise portent our
44.193 candidate oxaminia pendant 10 ana pour l'avtitude au vol.

a) le S.C.A./1 (excollento vision des coulours) a iti reconnu chom 99920 % den aujete.
Cott# forte proportion alexplique par Ie fait quo lea candidate avaimot 6t6 I. plus
souvont pria6lectionn~s lora do lour scolarit6 on do lour engagement dons l'Arage do
I Ar avant de alrene vera be Personnel Havigant.

b) Io S.C.A./2 a 6ti attribufi dane 0,4 % des coo.

c) 10 S.C.A./ a intireas 0,4 % des candidate.

Lora des oxamone rivisionnels, lea dyachromatopsiosa cquie ont ontraini une inapti-
tude difinitive dane momns de un can sun 1000 (S.C.A./O).

La aicuriti do can codalitic d'expertiao opparalt A l'itudo des dossiers d'accidents
airiene car aucun dVentre eux n'a pfl Stre imputi A uno difaillencet du sons chronatique.

En oncusinlea conditions d'expertise du Personnel Zfavigant pensettent llattribu-
tion rapid. t ore uYUn standard d'aptitudo chromatique (S.C.A.) qui intorviont dana Iltablix-
assent den profile A llemploi dons lea diffirentos spicialitis (par eople S.C.A./1 pour un
pilots do chase, S.C.A./2 pour un micanicion).

L'inaptitudo difinitiye A tout* fonction atirocantique do sicuriti oat ainsi dhtermine
par un procidi pratique, qui met Ie candidot dane lea conditions do visibilit6 des foux colorie
utiliais doe l'oironautique.

Le r8lo do llExpert n'Ont pas seulosent nigatif, car il collabore avoc lee Ingenifus
do l'aironautiquo pour adopter lea procidis do signalication at dlinformation aux poauibilitis
chrosotiques des Navigonts.
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DISCUSSION

IHITESIDE Je voudrais poser une question sur le tableau numdro 2 que vous
aviez montr6. J'ai partiellement compris, que parmi les anomalies
de Dlalton vous aviez 73% de fautes commises avec des feux fixes
tandis qu'il n'y en avait que 13,9% avec des feux occultants.
Voudriez-vous expliquer cela, s'il vous plait?

PERDRiIEL Oui, je pense que clest vrai: nous avons observ4 que des feux
d'occultation intermittents ont la propri4tA de solliciter la
r~tine d'une mani~ire, si on peut dire, saccad~e et de ce fait entre
chaque occultation il existe un contraste, et cc contraste aide a
la perception du feu color6. Tandis que lorsqu'il existe un feu
fixe, ±1 se produit un ph~nomane d'adaptation progressive A la
vision color~e, et en particulier des auteurs allemands ant bien
montr6 Isimportance de ce phenomane d'adaptation, et c'est pour
cette raison que le feu d'occultation intermittent est plus
int4ressant. D'autant plus, je pense qu'il y a un 6ldment psycho-
sensoriel: le ph~nomAne de stimulation successive entralne, si l'on
peut dire une augmentation de l'activit6 de la substance r~ticulde
et, par nA mime, une perception, et non plus une sensation, qui est
beaucoup plus approfondie pour la d~Stermination de la couleur. Je
pense que l'on peut expliquer cette discordance qui est effectivement
rielle et quo nous avons d'ailleurs retrouv~e; c'est Ilintdrdt de ces
feux d'occultation car, mime chez les dyschromates, uls sont mieux
pergus, de telle sorte que chez un sujet normdl, cette perception
serait encore plus favorisde par le syst~me d'occultation.

BANDE Vos rdsultats ne semblent-ils pas indiquer que la prdsdlection
(scolaire et autre) est trop ndgative et brise des vocations avant
mime qu'elles aient pu 4tre examindes par nos bons soins?

PERDRIEL Cette prdsdlection est inddpendante de notre volontd, mais je crois
qu'elle est utile, car elle dvite d'orienter vers la carri~re adro-
nautique des adolescents qui ont une insuffisance notoire du sans
chromatique. Dans les cas douteux d'ailleurs, nos confrares Ophtal-
mologistes civils nous adressent ces futurs condidats et nous las

examinons A titre officieux pour connaltre leur capacit6 chromatiquepratique.

KURSCHNER My first question is: When examining with the chromoptometric
lantern according to Beyne you limit the size of the test object to
20 and the perception time to 1/25 s. Test Instructions issued in
1962 for this lantern demand a minimum test target size of 10 ; why
are 'you now testing with 20 7 Is not a perception time of 1/25 s
somewhat unrealistic? Which colour signal is seen for such a short
time under operational conditions?

My second question is: Am T correct in understanding that you will
admi colour deficient applicants to a flying career as pilots if
they pass the test with the chromoptometric lantern during initial
examination?

My third question is: A4..ording to our experience a considerable
nu ber of deuteranomalous individuals will only confuse white with
green and vice versa when examined with the chromoptometric lantern,
and then only with a target size of 10 and a perception time of 1/5
to 1/10 s. Do you believe that these errors still constitute a risk
to flying safety under present day conditions? ingeborg Schmidt,
whose work you have quoted, has already answered in the negative in
1942.

PERDRIEL Il est exact que les premiares instructions dfutilisation de la
lanterne de Beyne prdcisaient que l'ouverture angulaire de la plage
lumineuse colorde devait 6tre de I degr6. Par la suite un rectifica-
tif a dtendu cette ouverture A 2 degrds. Cette modification est lide
au fait que nous nous sommes re'idus compte que las sujets absolument
normaux ne voyaient pas le feu bleu sous une ouverture de I inn, et
qu'ils le distinguaient fort bien sous l'ouverture de 2 inn. Ceci n'a
rien d'6tonnant, car on sait que les cdnes du bouquet central de la
fovdola sont physiologiquement aveugles au bleu. Le temps de percep-
tion de 1/25ame'de seconde peut paraltre effectivemant trAs bref,
mais il faut penser que le pilote ne peut disposer qua d'un temps
trAs court pour aporcevoir la fin de l'dclairement d'une fusde ou
d'un feu intermittent.

Les candidats 61aves-pilotes "Chasse et Transport" doivent possdder
une excellente vision chromatique lors de leur visite d'adamission, ce
qui implique la reconnaissance des faux colords de la Itnterne de
EBeyne.
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3e rappelle que nous n'utilisons pas Ilouverturt.- angulaire de I degr46
avec la lanterne de Beyne,,et que,de ce fait, -.ious n'avons pas la
notion d 'erreurs particuli res do ces deuteranornales a la lanterne de
Beyne utilisde sous cette ouverture (nous r~alisons toujours une
ouverture de 2 degr~s).

je pense toutefois qua l'ouverture de I degr6 est tr~s s~v~re et
qua dans tels cas, s'il n'y a pas d'erreurs a l'ouverture de 2 degrds,
les sujets peuvent 6tre admis dans le Personnel Navigant.
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SU141ARY

The flyer utilizes largely form vision; however, color vision is a bonus that increases his effi-
ciency without deranding such further conscious effort. As long as there is a surplus of candidates in
the manpower pool, the color vision problem then remains largely academic. One would simply test for
physiologic perfection; however, when the surplus of candidates no longer exists or to better utilize
those with special talents, then a relaxation of the color requiremets is in order. This paper will
review the color vision testing and selection procedures utilized in World War I and World War II by the
US Army Air Corps. One of the major projects of the Ophthalmology Departnent at the School of Aviation
Medicine (SAM) at Randolph Air Force Base, Texas during World War II was research on color vision. The
color vision tests reccaended as a result of this work are still the tests of choice in the US Air
Force. The color vision standards for flying in the US Air Force have recently been changed for the
first time since World War II. Mild defectives scoring 50 or better on the SAM color threshold tester
(CIT) are now accepted into flving training. A ten-veau, retrospective study of 4801 experienced flying
personnel provides strong evidence that these standards are valid. The handling of color vision defec-
tive cases referred to the USAF School of Aerospace Medicine (USAFSAM), Brooks Air Force Base, Texas, is
also outlined.

INTRODUCTION AND HISTOYRY

"The prover recognition of color plays an important part in the success of all types of fliers. On
the maps generally used by observers the woods are green, rivers blue, roads yellow, railroads black, and
towns brown. Skv-rockets with a Darachute are white, red, and green, and cartridges, with and without
parachutes, are of similar colors. Bengal flares which are used in woods and heavy underbrush are red
and white. The aerodromes use red and green, or white lights for hmecoming planes, while the planes
themselves carrv a red light on the Dort and a green light on the starboard side. In a "dog, fight,"
fliers of great experience state that it is necessary to recognize colors on a machine to avoid the pos-
sibility of shooting down a friend. All types of fliers (over land) are liable to have to select quickly
a place for a forced landing. In this connection, Captain S. J. Allen, Royal Air Force, states that good
color vision is necessary to detect differences of color on the ground. "A light field indicated stubble;
a da k field, grass or wet and marshy ground; dark green stripes running across fields, water or ditches;
yellow, sand; and rough brown spots, burps." If a flier who has been successful in training is found
later to be color blind, he can be used as an instructor, ferry pilot, or night bomber, provided only
white lights are used at his aerodrome. In great emergencies he could be used as a day bomber owing to
the height at which he usually flies."l This paragrabh was taken from Aviation Medicine in the A.E.F.,
from the chapter 'The Eye in Aviation," written in 1919 by Colonel W. H. Wilmer and Major Conrad Berens.
It contains much that is still important in flying aircraft today.

With the advent of larger, faster, higher flying, instrument-navigated aerospace craft, the role of
color vision should decrease in importance; however, flvina under operational conditions, such as in
Southeast Asia, the pilot once again has returned to the situation as noted in the opening paragraph.
During World War I the medical examiners felt that color vision testing was an important part of the
physical examination of applicants for the Aviation Section of the Signal Coros. Testing for color de-
ficiencies was done by the Jennings' self-recording color test.l A perforated cardboard exhibiting con-
fusion colors was placed before the avDlicant. A shade of red or green was placed before him and he was
asked to select, by punching through the perforatiorns, anything in the chart that contained red or green.
Punctures were permanently recorded on a blank beneath the chart. The instructions on the back of the
blank, 609A.G.O. (Physical Examination Form), also stated that if a Jennings' test was not available,
the medical officer should select a skein of any shade of red or green worsted and have the candidate
select in separate piles all skeins containing red or green. Fbrther, if confusion was still present,
color lights at 20 ft. should be used as a test before rejecting the candidate.2 It is evident that
even at the very onset there were color vision testing problems.

During the period between World War I and World War II the Deoarxvent of Ophthalmology at the School
of Aviation Medicine had carried out a series of tests for the detection of color blindness. Experinenta-
tion -as carried on with Holjgen skeins, Jennings' self-recording, Stillings' pseudo-isochromatic and
4illiams' lantern tests. A reccwrmendation was made in 1935 that the Ishihara test be adopted.

3

When the Ishihara test was first included in the examination, those who failed were rejected, but by
- 1940 several other tests, such as the Stillin.s' pseudo-isochroatic plates, spectroscopic, Holmgren Varn

matching, and lantern tests were also used to examine the extent of color blindness.4 The authorized
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tests for central color vision in 1941 were the Ishihara test or the Stillings' seudo-isochrmatic
plates and Holngren skein of yarn. Sufficient data had been accumulated to warrant recommendation that
the Holrvren test, exPressed in terms of the Edridge green' classification, be discontinued. A study of
50 individuals who made errors on the Ishihara test indicated that about 3/4 of these could not be qual-
ified or disoualified on the results of the Holigren yarn test used as a "oonfir.atory test." Eighty
percent of the entire g/xun also made significant errors on the Williams' lantern test.5

During brld War II a large number of studies on color vision were made at the Army Air Force
School of Aviation Medicine, at Randolph Field. Most of these were accomplished under the direction of
Louise L. Sloan, Ph.D. At the time these studies were initiated, in 1942, four tests of color vision
were authorized for use by the US Army Air Force. There were two basic tests and two adjunct tests.
The basic tests were the Ishihara (8th edition) and the Arerican Optical Company (AOC) pseudo-isochro-
mtic plates; the two adjunct tests were the Holmen wool test and the School of Aviation Medicine
lantern test. Ability to pass these last two tests was used to qualify men as "color safe" under cer-
tain conditions. Regulations were rather vague as when to apply these tests; consequently, it was left
to the individual examiner to select the testing device and method of scoring so as to distinguish be-
tween those who did and those who did not meet this criterion. Studies to determine the most practical
tests for color vision were carried out in a most logical and efficient manner. First, a job analysis
to determine the type of color discrimination required of aircrew personnel was done. Following this,
most of the tests that were available at that time were investigated. In certain of these tests modifi-
cations were made, and, in addition, certain new tests were develoned for use by the US Army Air Force,
A list of the tests investigated between 1942 and 1945 follows: American Optical Company pseudo-isochrs-
atic plates, Rabkin polychrmastic plates, School of Aviation Medicine anamaloscope, the Rand ancralosoope
(Bausch and Larb), Inter-Society Color Console (ISCC) single iudoment test, Eastman hue discrimination
test, Farns-orth-Munsell 100 Hue test, terrain test, and Peckman vision test. There were also tests
made on a number of lanterns: Canadian Lantern and the SAM CIT, or Color Threshold Test. The sum
total of all these investigations was that in 1943 the American Optical Comoany abridged set of pseudo-
isochromatic plates was selected as the most suitable basic test. This abrided version was composed
of 17 test and 2 demonstration charts. Of the nrsnerous cuantitative tests investigated, the SAM Color
Threshold Test was rated to be the most satisfactory for the classification of flying personnel.6 These
tests continued when the USAF became a separate service. However, further investigations culminated in
the assembling of the current American Optical Company 15 Plate Test (14 test plates and 1 demonstration
plate) in 1951. This set was adopted by the US Air Force in 1953 as the official color vision screening
test.

Dvorine color plates at first were printed in two volumes, in 1944, under the title "Dvorine Color
Perception Testing and Training Charts." A second edition of these plates was Published, in 1953, under
the title "Dvorine Pseudo-Isochromatic Plates." These also had 14 diagnostic plates and 1 demonstration
plate, The American Medical Association approved this edition in .954, and approval was given in 1959
by the Medical Material Coordination Committee for the use of this edition by the Arned Forces of the
United States.7

From 1959 through 1970 there were two basic screening color vision tests: that is, the American
Optical Conmany and the Dvorine 15 Plate tests. These were considered to be interchangeable. These
tests were not identified separately in the Federal Stock Catalogue and, therefore, when requested
through supply channels, one might receive one or the other. These tests were utilized for screening
of Classes I and IA candidates. AFM 160-1 (Medical Examination and Medical Standards) listed in para-
graph 69 under Color Vision: Flying Classes I and IA - Causes for Rejection: Five or more incorrect
responses. Flying Classes II and III could pass the color vision standards if an individual made a
score of 50 or better on the VTA Color Threshold Tester (grade 1); however, applicants for the designa-
tion of flight medical officers and flight surgeons must pass the color vision test plates (VTS-CV).8
These standards remained in force until 1 July 1971. The present AF4 160-1 (Cl) now lists, in para-
graph 4-12, Color Vision: Flying Classes I, IA, II, and III - Causes for Rejection: Five or more in-
correct responses in reading the 14 test charts of the Standard Color Vision Test set (VTS-CV), unless
examinee makes a score of 50 or better on the color threshold tester (VTA-CT!). 9 As of this date, then,
the US Air Force is following the example of the US Navy of allowing the mildly color defectives to
enter into flying training. Table I suwvarizes color vision testing from 1918 to 1971. A nmber of
authors have brought out the point that inadequacies and unkown factors in the testing procedures have
allowed numerous color defectives to enter training undetected. The final sentence of Sloan's 1946
publication is pertinent to the next part of this paper. The sentence reads: "Studies are also needed
to provide further information as to the degree of defect in color vision conpatible with the various
duties of Air Force personnel."

TABLE I

Color Vision Tests Used by US Army Air Corps and the US Air Force

Date Tests

1918 Jennings' Self-Recording Color Test
1935 Ishihara Pseudo-Isochrmmatic Plates
1941 Ishihara or Stillings' Pseudo-Isochrcmatic Plates
1942 Ishihara - American Optical Company (AOC) Pseudo-Isochromatic Plates
1943 AOC Pseudo-Isochromatic Plate Test (17 test plates, 2 demonstration plates)

(SAM Color Threshold Test (CIT) quantitative test developed)
1953 AOC PN'udo-Isochraatic Plate Test (14 test plates, I demonstration plate)
1959 Dorine Pseudo-Isochromatic Plates (14 test plates, 1 demonstration plate)
1959-1970 AOC and Dvorine for Classes I & IA - SAM CT' for Classes II & III, except

flight medical officer and flight surgeon (same as Classes I & IA)
1971 AOC and Dvorine Plates or SAM CT (50) for Classes I, IA, II and III
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RETROSPECTI SIU OF COLOR DEFECTIVE FLYING PIYS0ON S- IN ThE
OMIMW4LOGY BRANC, USAFW, JANUARY 1960 TO NOVDW 1971

Fran January 1960 to Septarber 1971 all personnel referred for clinical evaluation were screened
for color vision defects using a set of Dvo rine plates (VTS-CV). These included 4447 experienced pilots
and navigators and 354 additional experienced flying personnel who were not pilots or navigators. See
Table II. Only 40 color defectives were seen during the ten and one-half year period. Of these 40, only
9 had been referred for evaluation of their color vision. Eight of these 9 were student pilots with less
than 60 hours of flying experience. Five of the 40 had ocular diseases, including 3 with central serous
retinopathy, one with macular degeneration, and one with retrobulbar neuritis. Another was referred for
a contact lens for irregular astipjatisn following corneal surgery. The rnaiing 25 were picked up on
routine screening here at the USAF School of Aerospace Medicine (USAFSAk) with the VTS-CV plates and
were originally referred for nonocular diagnoses. The most ccmon referral diagnoses are listed in
Table III.

TABLE II

Total Flying Personnel Screened at USASA. with VTS-CV

ran January 1960 to September 1971

Pilots 3509

Navigators 938

Total 4447

Other Flying Personnel 354

Total Flying Personnel Screened.at USAFSA with VTS-CV

From Septenber 1966 to Septenber 1971

Pilots 1492

Navigators 364

Total 1856

TABLE III

Reasons for Referral to the USAF School of Aerospace Medicine

DIAGNOSIS NUMER OF PATIF2IS

Color vision abnorality 9

Special duty examinations (ARPS, etc.) 6

EOG abnormality 4

Central serous retinopathy 3

Syncope, loss of consciousness 3

Diabetes mellitus 3

Psychiatric 2

Retrobulbar neuritis I

Macular degeneration 1

Other nonocular diagnoses 8

Total 40

From January 1960 to April 1964 the only tests routinely used at USAFSA. for evaluation of color
vision deficiencies were a Nagel ananaloscope (Scrnidt-Haensch #585) and the VTS.-CV test plates. Quanti-
tative results on the ancmalosoone, including midpoints of ranges of acceptability on the Rayleigh equa-
tion, have not been recorded. In January 1965 the VTA-CIT lantern was added, and since January 1968 the
Farnsworth 100 Hue Test and the Farrzsmrth Dichotomous Test (Panel D-15) have also been used frequently.
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teny-seven of the total of 40 color defectives seen had oomenital defects. Five were acquired,
and 6 were not determined. Two were reported to have very miniml deuteranomalous defects on the Nagel
ancraloscope but could pass the VTS-CV given her. These two cases are not included in Tables IV and
VI. The five cases of acquired defects will not be given in detail here. None were grounded due to
their mild losses of color discrimination, but 2 had associated visual acuity and visual field loseas
which were judged hazardous.

The rerainder of this resort will be limited to considerations of the 27 who were definite.y diag-
nosed ds having congenital color vision defects. Twenty of these were deuterancmalous, 2 were deuter..
anopes, 2 had protanomaly, I was a protanope, and I was apparentlv tetartanomalous. See Table IV.
First, a brief description of the very few defectives seen at USAFSAM who had considerable expurience
in various flying careers will be given. This is followed by an atteMnt to determine the sign.ficance
of the marked relative paucity of various types of color defectives among 4447 experienced pilor and
navigators. Finally, a similar examination will be made of the color defectives arong flying rV-rsonnel
who are not pilots or navigators.

TABLE IV

Tyes of Congenital Color Vision Defects anong Various Career Fields

Seen January 1960 to Sentember 1971

Type of Defect and Whether
Congenital or A.uired

Career Field Deuterananalv Protanoralv Deuterancoia Protanonia Undeterrined

Pilots 12* 0 1 0 2

Navigators 1 0 0 0 1

Other Flying
Personnel 2 2 0 0 1

Non-flying 0 1 0 0 2

Student Pilots 5 1 1 1 0

(One apparent tetartan is not listed.)

*Eight of these were seen prior to Sentewer 1966 and are not included in Table VI.

lThis single deuteranope was also seen Drior to September 1966 and is not included in Table VI.

A Fre Successful Defectives

Aonp those failing the VTS-CV plates here with congenital defects were 12 with considerable flying
experience. All denied ever having any difficulty in Derforming their jobs due to defective color vision.
None of these experienced men were grounded due to the discovery of their defects. See Table V. Eight
were pilots with an average of 3274 hours apiece and a total of 26,196 hours for the eight. The other
4 included a navigator (1900 hours), a flight engineer (8500 hours), a boom operator (7000 hours), and
a flight surgeon (8000 hours). Eight of the 12 had CIT scores of 40 or above (grade 1 defect), and the
6 of these who uere pilots seen to substantiate the recent policy change allowing candidates for oilot
training to fail the VTS-CV if they can achieve a score of at least 50 on the VTA-CIT. Two pilots and
the flight surgeon made grade 2 scores (35-49) on the VrA-CTr and one flight engineer and one pilot (a
Major General) made grade 3 scores (below 35). These successful pilots with low CIT scores are not in-
consistent with Sloan's conclusions fran her work on the CTr. She pointed out that a score of 50 on the
CT would "not qualify mn unable to digcriminate red, green, and vellow biscut gun signals but would
disqualifv some who are able to do 3o.

Also, Steen and Lewis in a recent study for the FAA Civil Aercredical Institute found that about
one third of color defectives with scores below 50 on the CIT could identify S-second biscuit gun signals
from 1500 feet away at night.10

Eleven of the 12 exprienced flying personnel in Table V had a deutan tye of defect; the only protan
was a flight surreon. Of the 4 other vrotan color defectives seen at USAFSAM since 1960, none have been
experienced pilots or navigators. One protanomal and one orotanope were eliminated from piiot training.
Two othe.r protanonals were a flight steward an a personnel director who was being reconsidered for re-
assimnment to missile duty. The ccmplete absence of Drotancmalous pilots and navigators is probably sig-
nificant, and will be considered in detail in a subsequent section.



A4-5

TABLE V

Bcperienced Flying Perspmel with Color Vision Defects

Case Ni, ber Oolor Vision No. of Plates VTA-CaT Grade of
and Rank Position How's Defect Failed on VrS-CV Score Defect

4 Capt Pilot 2800 Deuteranocaly 'More than 4 b5 1

5 Capt Pilot 1696 Deuteranamly More than 4 59 1

7 Col Pilot 3200 Deuteranmaly More than 4 60 1

13 Ist Lt Pilot 500 Deuterancmaly 14 61 1

22 1st Lt Pilot 2300 Deuterancmaly S 64 1

31 Haj Navigator 1900 Deuterano-ealy 13 62 1

38 MSgt Boom Operator 7000 Deuteranasaly 14 51 1

10 Maj Pilot 4200 Deuteranopia 14 35 2

25 Maj Pilot 5500 Deuteranomaly 11 48 2

Flight
26 Col Surgeon 8000 Protancmaly More than 4 39 2

20 ?Ma Gen Pilot 6000 Deuteranqa1y 12 29 3

Flight
35 MSgt Engineer 8500 Deuterancmaly 12 33 3

'Whether these very few successful pilots and navigators are sufficient to indicate that their type
of defective color vision is not really a handicap may in part be determined by a statistical considera-
tion of how many color vision defectives should have ben seen at USAFSAM if defective color vision is
ccmpatible with succass as a pilot or navigator versus how many were actually observed. This analysis
can begin bv estimating the proportion of defectives who probably passed undetected into pilot training,
or the misclassification rate.

Misclassification rates

All but one of the 8 student pilots listed in Table IV had bean accurately classified as defective
on the initial pre-training examinations. The single exception, a protanope, had memorized the order
of plates and later had sufficient difficultV with signal lights at night on landing that he decided to
return to the flight surgeon's office for further testing. Awon, the 19 nonstudents definitely diagnosed
as having congenital defects however, 10 had an innacurate "1VTS-CV passes" or "passed - on recjd" on
their previous physical examinations. This 52% error rate is similar to that found by Paulson at the
US Naval Marine Medical Center. OnlV about 60% of the color defectives sent to her laboratory between
1955 and 1965 had been correctly identified. Farnsworth lantern results were reported only 71% accurate.
Previous records of CIT scores were available here for only 8 men. Three of these 8 were sufficiently
at variance with scores obtained here that previous improper technique could be suspected. The percentage
of color defectives seen at USAFSPA with incorrect records has no direct correlation to the percentage of
color defectives who have been allowed to. slip throwuh the screening examinations and into pilot and nav-
igator training. The fact that a substantial percentage of the defectives seen here did have inaccurate
records Joes indicate in a general way that the field testing and recording during the years that the
exrerienced pilots and navigators in this studv were undergoing their pre-training examinations were
lecj than completely adequate.

This inadequacy cannot be attributed to the test used for initial screening. Several investigators
have found the VIS-CV to be very efficient in separatnrW color normals fran defectives when administered
properly. A committee of Farnsworth, Sloan, and Judd" found that the Armed Forces Color Vi~ion Test
series of plates (AOC) would detect about 99% of defectives under ideal conditions. Seefelt' similarly
found only 1.9% of defectives misclassified by the AOC plates and 4.9% misclassified by the Dvorine ver-
sion of the VTS-CV plates. (His misclassification rates for normals were 9.3% for the AOC and 0.0% for
the Dvorine.) Claro1 3 found that the Dvorine version of the VIS-CV misclassified 4% of defectives, and
AOC misclassified 6% of defectives. (Car's misclassification rates of normals were 4% for the Dvorine
and 3% for the AOC.) Crawford, 14 Sloan,' 1 and Oelcher' 6 also found similar results with the Dvorine
plates.

The VTS-CV in both major forms appears to be reasonably adequate; the faults must therefore lie in
improper procedures ccronly used in testing and recording in the field. How comonly the VTS-CV is
improperly administered or inaccurately recorded cannot be known precisely at present. In 1944, Sloan17

reported that only about 3% of Aviation Cadets were being rejected for color vision deficiency instead
of an expected 6% to 8%. Even if a few who would have been apDlicants for pilot training eliminated
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thzrselves because of prior knowledge of their defects, this error rate in detection would still apVpox-
i'ate 50%. Sloan attributed this to the use of only a few poorly selected charts instead of the coplete
test, and previous coaching of applicants. Paulsonll gave questionnaires to 83 hospital corpsmen at-
tending the School of &tbmarine Medicine, and 83% of them were willing to state that they had routinely
given the USH color vision tests (plates and Farnsworth lantern) using improper technique. Only 50%
of the testing facilities at which these corpsmen served had the required daylight lamp. Farnsworth1 8

has estimated that if the plates are given under ordinary incandescent light, about half the deutans will
pass-undetected.

Even when the procedure used for the plates is incorrect, they are still susceptible to previous
familiarization by the examinee. Sloan1 9 tested 7 men who had been given the older, unabridged series
of the AOC charts during every day of a course of red and green light treatments given to "cure" their
color blindness. She found that these men did indeed do fairly well on the plates they were familiar
with, even though the other tests still indicated deficient color perception. Also, the order of the
plates can be memorized if it is not changed periodically.

Considering the various ways in which the VTS-CV can be improperly administered and inaccurately
recorded, Paulson's disturbing questionnaires answered by hospital corpsmen, and Sloan's estimate of a
50% error rate in detection of color defectives in the field, it appears reasonable and probably con-
servative to estimate that during those years that the experienced pilots and navigators in this study
underwent their pre-training examinations, about 25% of color defectives passed undetected into flying
training.

Chi-suare analysis

If the estimate that 25% of color defectives passed undetected into flying training is accepted for
the experienced pilots and navigators of this study, then a useful comarison can be made between the
expected number of color defectives and the actual rzrnber observed from January 1960 to September 1971.
All patients seen at USAFSkM were screened with the VTS-CV, Dvorine, administered using the proper tech-
nique and frequent changes in plate order. The VTS-CV could he expected to detect virtually all those
with protanonaly, protanopia, deuteranomaly, and deuteranopia, as shown in the previous section. In an
unselected Caucasian male population the incidences of these defects are as follows: protanmaly, 1.0%;
protanopia, 1.2%; deuteranomaly, 4.6%; and deuteranopia, 1.4%. 20 The total of these percentages is 8.2%,

* Wenty-five percent of 8.2% is 2.05%. The total number of experienced pilots and navigators seen over
the past ten and one-half years is 4447. (See Table II.) The number of color defectives expected to
have been seen at USAFSAM4 is 2.05% X 4447, or 91. Only 17 color defectives were seen among the experi-
enced pilots and navigators. The difference between 91 and 17 for this large sample is highly signif-
icant by Chi-square analysis (pCOS). This is evidence that at least some varieties of defective color
vision are incompatible with success as a pilot or navigator.

The precision of this analysis could be improved if the proportional distribution of the different
types of color vision defectives among those passing undetected into flying training were known. Then,
sane insight could be gained as to which types of color vision defects are greater handicaps in flying
and which may be less hazardous. Though this distribution cannot be kncwn precisely, there is a good
reason to believe that the proportion of each tvoe of defect among the defectives who passed undetected
into flying training was quite similar to that of the defectives in an unscreened population. This is
simply the frequent observation that when the VTS-CV is improperly administered, it is administered so
improperly that the effect is the same as administering no test at all.

Paulson1 I  questioned those volor defectives whose previous medical records were inaccurate in order
to determine what errors were being made. It was found that very few of the defectives misclassified
were "borderline" cases. In mst instances the tests had been adninistered so improperly in the field
that the effect was the same as not administering the color vision test. Often the examinees were al-
lowed to watch other candidates taking the test and were able to memorize correct responses; one ex-
aminee even reported that he passed the test by having a tall norTal who was in line behind him whisper
the correct responses. Also, examinees very frequently reported that a passing score had been entered
in the record even though they failed the test.

The 10 seen at USFSAM with inaccurate VTS-CV scores on previous physical examinations could not be
interviewed in this retrospective study as to hw they managed to "pass" the VTS-CV on previous examina-
tions. Sufficient information to gain insight into this problem was available for only three deuter-
anmals, one protancral, and one protano-e. Only two of the deuteranoals ap,-eared to be true "border-
line" cases who could pass the plates on soe occasions and not on others, depending on the lighting
used and which edition or brand of plates was presented. One deuterancmal and the protanope admitted
to memorizing the plate order at the facilities where they had been tested previously. The protanomal
ad.itted that though his record indicated "VTS-CV passed" he had never been given the test. One addi-
tional case seen too late to be included in the statistics for this study, a mildly deuteranomalous
pilot, admitted to owning a set of the plates and studying them extensively prior to each physical ex-
amination for the first five years of his career. Although more data on this point would be desirable,
our experience does appear to parallel that of Paulson; freauently the color vision tests have been
administered so improperly that the effect was the same as administering no test at all.

Incandescent or other improper lighting used with the VTS-CV may favor deuterananals, but due to
the high frequency of grossly imroper testing and recording, substantial numbers of protananals, prota-
nopes, and deuteranopes undoubtedly slipped through the screening examinations in the field, at least
until recently. Because protanopes are more often aware of their defect Drior to initial physical ex-
aminations, they can be expected more often to anticipate difficulty with the VTS-CV and te, devise ways
of getting around this obstacle. It appears probable, therefore, that the distribution of types of
color vision defects among the previously estimated 25% of defectives undetected on pre-tv.ining examina-
tions would be reasonably similar to the distribution of types found in a similar male Ca',casion popula-
tion before screening.
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No re-test data of the flying personnel in this study performed just after finishing their pre-
training examinations are available to verify this conclusion. " -test data on a set of current student
pilots would not be relevant because color vision screening tests are presently more standardized than
they were when many of the flying personnel in this study and in Paulson's study took their pre-training
examnations.

If it is accepted that at least 25% of color vision defectives passed undetected into flying
training and that the distribution of the different types of defectives approximates that seen among
the defectives of an unscreened population, then the numbers of each type expected to be seen later in
their careers at USAFSA9 may be calculated and used in a Chi-square analysis. Unfortunately, the color
vision defects of three of the pilots and navi.ators seen between January 1960 and August 1966 were not
precisely categorized as to type of defect. Complete data on pilots and ravigators are available only
for the period fromn September 1966 to September 1971. only this five-year data were used in Table VI.
During these five years 1856 pilots and navipators were seen at USAFSAM. (See Table II.)

TABLE VI

?hrnbers of Different Tvpes of Congenital

Color Vision Defects Expected and Observed Among

Pilots and Navigators Seen from September 1966 to September 1971

(N=1856)

Significance of Difference
Expected* Observed (Chi-scuare method)

Protancmals 5 0 p < .025

Protanopes 6 0 p (.025

Deuterancmals 21 4 p <. 0 05

Deuteranopes 6 0 p.C.025

*Expected column calculated with the assumption that 25% of defectives of
each type were not detected in pre-training examinations.

Each fipure in the "expected" colum of Table VI was calculateA by multiplying the incidence of
the type of color vision defect in an unscreened population by 25% and then taking this as a percentage
of 1856. For protancmaly this was 0.01 X 0.25 X 1856, or 5. Except for, 8 deuterancmalous pilots and
one additional pilot with deuteranopia who were seen prior to September 1966, the "observed" colurn
corresponds to the figures listed in Table IV. The values of p listed in Table VI appear to indicate
that at least som degrees of severity of all four ol the comn types of color vision defects are sig-
nificant handicaps to becoming and/or remaining a successful pilot or navisator.

The absence of protanopia and oary

The conplete absence of any protanopes and protanomals among the 4447 experienced pilots and nav-
igators seen at USAFSA between January 1960 and Septembr 1971 may be more than merely oincidQntal.
Protanopes and protanarals usually total about 2.2% of an unscreened Caucasian male population."Even
if only 10% of protans had passed undetected into flying training, the difference between the expected
0.1 X 0.222 X 4447, or 10, and the observed zero would still be significant (p<.005).

Cameron,21 working at the Swiss Air Force Institute of Aviation Medicine, found the protanomalous
candidates did so poorly on the K.B.B.-Y -atin lantern that he decided to reject all candidates with any
degree of protan deficiency. (The K.B.B.-Martin lantern is similar to the CIT except that it has only
four colored signals--red, green, orange, and white.) Similarlv, Laxar'2 found that protans identified
fewer of the full set of Ishihara plates (11th ed.), made more errors on the Farnsworth Dichotomous
(Panel D-15) Test, and identified fewer of the Hardy-Rand-Rittler plates than deutans.

Claro1 3 reported hat 100% of a group of 10 protans failed the CIT (score below 50), but only 60%
of 40 deutans failed. CIT scores of 18 deuterenemals seen here ranged from 29 to 64 and averaged 53.
Twmenty-eight percent had scores above 50. CIT scores of 4 protanomals ranged from 21 to 46 and averagec
37. (This difference in means was not significant, possibly due to the small number of protanomals.)
Two de-atermopes had CIT scores of 35 and 34; one protanope had a score of 42.

Both of the laboratory tests cited here and the practical tests of professional flying appear to

select heavily against the protan.

Evidence that the CIT score is approximately correct

Although there were no ;rotan defectives among the 4447 experienced pilots and navigators, 13
deuteranomals were seen. Of these 13, 10 had a sufficiently mild defect u. score above 50 on the CIT,
The other three had scores of 29, 35, and 48. Large population data concerning the percentage of deuter-
ancmals who usually fail the CIT is not available. Claro,1 3 however, found that 65% of a "deutan"
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population of 38 composed of both deuterenarals and deuteranopes made less than 50 on the CIT. If it is
assured that the ratio of deuterarals to deuteran,)pes in his group was the usual 4.6 to 1.4 and that
all deuteranopes fai)ed the CIT, then he had abcut 29 deuteranaals, of whom 55% failed and 45% passed
the CIT.

Suppose for a moment we aqs'me that the CIT failing score is essentially valid and that all deuter-
anaals who pass undetected through the screening examinations and who would not have made a passing
CIT score would not be seen at SAM because they would not succeed as pilots or navigators. Similarly,
those who pass through the field examinations undetected who would have made a passing score on the CIT
would be successful and would be seen later at USAFSAM. The incidence of deuteranasals in an unscreened
population is 4.6%. If only 25% passed undetected into training, then 4.6% X 25% X 4447, or 51, deuter-
ananals should have been seen during the ten-year period. Using Clar's data and the asswrptions men-
tioned above, about 55%, or 28, could be expected to fail the CIT. Only 3 pilot and navigator deuter-
ancmals who failed the CIT were recorded during the ten years. Unfortunately, three color defectives
seen prior to Septerber 1966 were not categorized as to type of defect. Even if all three of those un-
categorized had been deuteranorals who would have failed the CIT, the difference between the expected
28 and the observed 6 would still be significant (p < .005). This indicates that deuteranoaly severe
enough to produce a score below 50 on the CIT is not capatible with success as a pilot or navigator.

Using similar logic, it would be expected that 4.6% X 25% X 4447, or 23 pilot and navigator deuter-
ancmald passing the CIT would be seen. Only ten were recorded. Because of the three uncategorized
color defects, it is possible that 10, 11, 12 or 13 deuteranarals who could pass the CIT were in fact
seen during the ten-year period. Whichever of these figures is correct, the difference between the
expected 23 and the nurber of deuteranomals seen who could pass the CIT is significant (p4 .05 or
smaller). This would indicate that at least sane deuterancmals who can achieve a score over 50 on the
CIT still may not do well as pilots or navigators.

A score of 53, as mentioned by Sloan23 in her first report of the performance of normals on the CIT,
may be more appropriate. It should be reranbered,however, that the estimate that 45% of deuteranorals
would pass the CIT is central to the statistical considerations given in this section, and that this
estimate was based on data from a s=all and incopletely described group of "deutans" given by Claro. 1 3

TABLE VII

Amsber of Different Types of Congenital

Color Vision Defects Expcted and Observed Among

Other Flying Personnel (not Pilots or Navigators) Seen

from January 1960 to Septeiber 1971

(N=354)

Expected* Observed Significance of Difference

Protanamals 1 2 Not significant

Protanopes 1 0 Not significant

Deuterancrals 4 2 Not significant

Deuteranopes 1 0 Not significant

*Expected column calculated with the assmption that 25% of defectives of each type
were not detected in pre-training examinations.

Color vision defects aong other flvinz p nnel

The numbers of each type of color vision defective observed from January 1960 to September 1971
among flying personnel who were not pilots or navigators is given in Table VII. The sample size (354)
is considerably smaller than thoi available for pilots and navigators, and one defective was not
categorized. The figures in the "expected" lnr, were calculated with the sane 25% assunption used
for Table VI. None of the differences were significant. Whichever type of defect the undetermined
case had is unkown, but adding it to any of the figures in the "observed" colu=n of Table VII does
not make any of the differences significant. This tends to suggest but does not conclusively deronstrate
that flying personnel who are not pilots or navigators do not require the same degree of color discrim-
ination to be successful in their professions.

Statistical implications srmarized

We have made the conservative assurption that at least 25% of each tyne of color defective passed
undetected into flving training during those years when 1856 currently exoerienced pilots and navigators
were undergoing pre-training examinations, and then asked the question: '"Whch types of color defectives
pass through flying training and succeea in their career fields long enough to be seen eventually at
USArSAM?" This approach appears to be re valid than any biscuit gun or flare test devised. This
analysis ombined with examinations of 2591 additional pilots and navigators has led to the conclusion
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that protanopia, deuteranopia, any degree of protancmaly, and all but the mildest degree of deiter-
anomaly are almost never compatible with a successful career as a pilot or navigator. how mild a
deutraoaly can be allowed in these fields has yet to be established, but those making well above
So on the CIT who had not memrized its sequence of colors are probably safe. A similar examina-
tion of 354 flying personnel who were not navigators or pilots suggests that these other flying
personnel do not require the same degree of color discrimination to be successful in their profes-
sions.

CONCLUSION

Color vision defects are almst exclusively an affliction of males. If only color normals
are accepted as flyers, 8 to 10% of the male population would be exluded. Color vision tests and
refinenent of these procedures, as shcwn, can identify approximately 3% ot the color defectives
who are considered to be safe to fly. Beyond this it is not very practical to expend wich r=re
effort to squeeze out the last one half of one percent of these color defectives. It has Leen the
opinion of many concerned with color vision testing that the 6% classified as ,oderate and severe
color defectives are a hazard in the flying environnent. The retrospective study reported here
shows that a score of 50 or better on the VTA Color Threshold Tester appears to be caratible with
a safe flying career. The present combination of VTS-CV and the VTA-CTT is more than adequate to
screen and quantify mild defectives if the tests are administered properly. Better instruction
given to the flight surgeons, aeraredical technicians, and the newly emerging field of ophthaltic
technicians (912X0) should help improve the admiistration of these color vision tests.

A survey of the literature shows that color vision researchers constantly strive to identify
and qualify "safe" flyers. Our concen as military flight surgeons should go beyond this, since
we should be selecting the "best" of tnese flyers. "Safe" ones at times mav not just be gvd
enough. For 20 years there has been talk of engineering color requirents out of flvin. This
has not core to be and probably will riot. This is so because flying is becoming such more owle
and demanding on humzn physiology and perception,

Color vision is a good .ua that can be used advantageously by equip-ent designers. It allows
more infomation to be gathered and stored in the "computer" at very little cost in tim o
thought. Should we give up such an important advantage? If military aircraft are becmdnp larvr,
more expensive, faster, and fewer in niher, why should we select their few captains with physio-
logic deficits of any kind? -Feaps the most practical solution to the proble will be to select
classes of flyers to be equated against ,types of aircraft and kinds of mission.
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Prior to the unification.of the Canadian Armed Forces in 1968 the Royal Canadian Navy,
the Canadian Arcy and the Royal Canadian Air Force each had their own requirements, medical
standards and methods of evaluation of these standards. These medical standards included that
of colour vision. The Nav7 considered it important having four classifications dependent on
the ability to pass the Ishihara Standards Book Test and the Green E~iwards lantern Test.
The P.CAF had three classifications, Colour Vision fformal, Colour Defective Safe and Colour
Defective Unsafe. The first based on passing the A.O. Isochromtic Book Test without error,
the second passing a colour lantern test and the third achieved by failing both tests.

The Ar ignored colour vision totally - their regulation reading "The recruit will
not be tested for colour vision" Assuming the Ary had its expected 8% ratio of colour
defectives in its recruits, it is interesting to note that despite this neglect of colour
vision as an .-ployment factor in assignment to trade or corps there was no apparent operational
or finctional deficit reported in army operations. One assumes that those were unable to
perform so=e specific function properly were assigned to others they could perform.

The A r Force had definite colour vision requirements, airrew requiring normal colour
vision for pilot candidates but only colour defective safe levels from experienced pilots and
other aircrew. Three trades, Fighter Control Operator, Aircraft Control Operator and Laboratory
Assistant had a requirement for normal colour vision, whilst the rest required colour defective
safe levels. The RCN had four standards based on passing the Ishihara Colour Plates and the
Green Fdward:; Lantern - norrml colour vision being requirement for all executive officers and
certain upper deck ratings. but in general the requirements paralleled those of the RCA?.

Unification in 1968 brought a revamping of the existing trade structures within the three
services and there were created 97 general trades and 29 officer classifications.

Faced with the unenviable task of correlating physical abilities to employment, the
medical branches of the Canadian Forces - now called the Canadian Forces Medical Services -
relied in respect to colour vision, on experience and a pragmatic sense rather than embarking on
what would necessarily have been series of individual studies in each trade or classification.

Consultations were held with civilian advisor,, with trade instructors and managers,
with experienced officers in various fields, and the conclusion was that normal colour vision
was no longer a rcquirement in any of the new trades or officer classifications including those
of pilot and executive naval officers. 1he colour vision requirement for each trade or classification
is apnended (Appendix A) The method of rolour vision testing utilised previously in the RCAF was
retained as the testing method. It, as previously indicated, utilised the A.O. Isochroratic
Plates and the RCAF Colnur Lantern Tc:st. Appendix B lists the technique of testing.

Dependent on test results a person is now classified as

CVl - Pass tne Colour Plate Test

CVP - Pass the Colour Lantern Test

CV3 - Failed the Colour Lantern Test

One ray ask what has harpened to those soldiers whose previous experience was in the Army
and whose trade requirement now included a CV> category if testing revealed them to he in fact
colour defective level 3? It would be patently unfair to restrict their careers because of a
clinical test and in these cases waivers of non restriction were added to their documents if in
the opinion of their superiors their colour defect had not proved any barrier to their on-Job
performance.

Though we have assiduously asked for reports of incidents wich are felt to be colour
vision related in all trades and classifications, none have been forthcoming and we can only
presune, in the absence of these reports that the system adopted is adeouate for our needs.
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APPENDIX A

FININUM COwDRn VISION STAW.APZS

FOR IM

DJITIALASSIGDAENT TO TRADES

TRADE (OLOUR VISION TRADF COW'JR VISIO
ARUR 3CLERICAL 3
ARTILUML ACCOUNTING 3
I N FATY 3 PHYSICAL AND ECREATION 3
FIMl ENir)Th1IING 3 FOOD SERVICES 3
SIGNALS 2 MUSIC 3
SEA WEAPONS 2 FOSTAL 3
FIRE CONTROL (SEA) 2 DRAWKHING 2
yARITIlNE AIR 2 SUPPLY 3
AIR TRANSPO~R 2 TRANSPOVRTATION* 3
INIMLNCE 2 PARACHUTIST 3

t EATHER 2 SUBMARINER 2
2 CRTAPHY 2 2

CARLTOGRAPHY 2

10OPOGRAPH'i 2

AIR "TRAFFIC CONTROL 2

AIR DETFI4CE CtfIrML

EOATSWAIN 2

OPOWBNICATIct1S OPERTOR 2
OXKENICATIctiS MAINT127ANCE 2

RADAR HAINTEXA.NCE 2

BUICTROIC (SEA) p

RADIO (SEA) 2

SONAR (SEA) 2

RESEARCH 3
MARINE ENGINEERING 2

HULL RIGINELUNG 2

ELCTRICAL EitEERIN 2

DIVER 2

VEHICLE 2

LAND 1WAPONS 2
BLECTR MECHANICAL 2

AVIATION 2

AVIONICS 2

SAFETY SYSTEMS 3
INSTRIHI*T ELECTRICAL 2

NGRKSNGp 2

AIR WEAPOS 2

AIRCRAFT HANDLING 2

STRUCTURES 2

MECHANICAL 3
FIRE PREVENTION 3
LABORATORY TKIM~ICILj4 I
MEDICAL 3
DENTAL 3
SECURITY
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MINIKLM COLOUR VISION STANDARDS

FOR THE
INITIAL ASSIGN)0NT OF OFFICERS

COLOUR VISIOnI

AR 3
ARTILLERY 3

INFANTRY 3

AIR NAVIGATOR 1)
PILOT 2

AEROSPACE ENGINEER 2

COMUNICATIOS/ELECT" IC EPGR 3

LAU$fD ORD)NANCE MNR.3

PARITIRE ENGR

PILITARY ENUm 3
DENTAL 3

DENTAL ASSOCIATE 3

YDICAL 3

YEDICAL ASSOCIATE 3

IJRSING 3

CHAPIAIN(P) 3
C.APIAIN (RO) 3
AIR TRAFFIC CONTROL 2
AIR WEAPONS CONTROL 2

FLIGHT EN~GINEER 2

LECAL 3
LIGISTICS 3
MARITIME SURFACE P

VARITIME SU MARINE 2

WEIEROLOGY 3
muSIc 3

PERSONEL DEVELOPMENT 3
PERSONNEL SUPPORT 3

SECURITY 3

SUPPLY 3

ACCOUNTS 3
PERSONNEL 3
MMEDICAL 3
MICAL ASSOCIATE OFFICERS 3

CHAPLAINS 3
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APPENDDI B

INSTRUCTIONS FOR TESTING OUJR VISION

GENERAL

1. Colour deficiency is a sex-linked heredit.y defect which passes from affected father to
unaffected daughter who in turn will have affected sons. About 8 percent of males and 0.8 per
cent of females are colour deficient.

P. Candidates for service in the Canadian Forces will be tested by the Colour Plate Test
using Pseudo-insochrcmatic Plate Set, RCAF mdification(CFYS Cat.No.6516-l-16-3ll0). Those
candidates who fail the Colour Plate Test will be tested by the Colour Perception lantern Testing
using the Colcur Perception lantern (CFMS Cat.No. 6515-Pi-804-7980)

3. Candidates who normally wear spectacles will have their colour vision tested while wearding
their spectacles.

COO R PLATE TEST

4. This consists of a series of 25 plates on each of which is placed a test figure. The cards
shall be kept in their box when not in use as they may fade if exposed to too much direct light.
Excessive handling will soil them and reduce their efficiency.

5. On the back of each card will be found two numbers e.g., "3.27", the first is the number of
the plate in the series and the second is the number which a candidate with normal colour perception
will read. Of the 25 plates, those numbered 1 to 19, inclusive, must be read correctly. The remaining
plates have been inserted merely to avoid any possibility of memorization.

6. All plates shall be viewed in the holder under a Haceth Easel lamp. A card is placed in
the holder of the lamp and the candidate is abked to read the figure which he sees in it. This
procedure is followed for all plates. Care should be taken that the candidate does not see the
numbers on the back of the cards. Each candidate must read all 515 plates, after being allowed
5 seconds to recognize each plate. After each plate has been viewed it shall be laid on the table
face up.

SINTRRETATION

7. The plates numbered I to 12 are the essential ones and thesq are divided as follows in
two separate groups:

a. Group I includes plates number 1,,,5,6, and 11. Fach of these plates must be read
orrectly. Any deviation is scored as an error.

b. Group 2 includes plates number ;,3,7,8,9,10 and 11. Slight errors are permitted here.
That is, if the candidate sees, say, 38 instead of 56, on Plate No 7, and if he makes
the same mistake when the same plate is presented again in a different sequence, then an
error is not counted. However, if he does not see ary number, or if he seen different
numbers on subsequent presentations of the same plate, then an error is scored.

ASSESSMNT OF COLOUR PLATE TF "r

8. If no error is scored against a candidate in the Colour Plate Test then he has passed
this test and will be graded category CVI - Colour vision normal. Those candidates who have an
error scored against them have failed this test and will be given the Colour Perception Lantern
Test.

COIOUR PPRCFT0IION LAN1TE TEST

NOTE: The importance of carrying out accurately, and in detail the following instructions
cannot be over emphasized. Medical officers shall not vary the technique from that
which follows.

9. The candidate is seated in a darkened room, at a distance of 90 feet from and
directly in line with, the lantern, which is set at eye level.

10. The colours the candidate is to be shown are the first to be "defined" by showing him
the single aperture knob positions 1,2, and 3, saying "This is green, this red, and this white".
He is also instructed thus, "You will be shown a series of coloured lights and as each one appears,
you are to say whether it is red, green, or white. No other colours are used in this test."

11. The test is begun by setting the control knob at any one of the eleven positions
/ possible other than 1,2,or3. Using a single aperture, the shutter is held open for as long as

the candidate requires to arrive at a decision. As soon as his answer has been recorded, the
shutter ib closed. The control knob is then turned either clockwise or anti-clockwise to the
next position ans then the procedure is repeated. This is continued until one complete
rotation has been made. The colour named shall be recorded accurately for each knob position.
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1g. Both apertures are now opened, and the subject is instructed: "During the second half
of the test, you will be shown two lights at each time. Please name them always from your left to
your right, again confining your answers to red, green, and white."

13. The operator then completes another rotation of the control knob, holding open the
c utter for aslong as the candidate requires at each position of the knob. Again each colour
is recorded as named.

2).. If at any time the candidate employs names of colours other than red, green, and white,
he shall be told merely, "Please remember that the only colours used in this test are red, green,
and white". No error is scored for answers such as yellow, orange, pink, blue, etc., provided
that the correct answer is given after the above reminder.

15. If,at the end of two complete rotations of the filter control knob(two sequences
consisting of 11 single lights and 11 pair), no errors are made, further testing is not required.
If, on the other hasd, one error is made, the whole test shall be repeated, beginning at a
different staring point and rotating the control knob in the opposite direction to that used in
the first test. The current test will be completed before the second is given.

16. When a mistake is made in the first test, it is essential that the complete test be

repeated once.

ASOMN OF COICUR LANTERN TEST

0 17. Candidates shall be assessed as follows:

a. Pass. No errors on the first test, or one error on first test but none on repeat
test.

b. Failure. Two or more errors on first test, or one error on first test and one or more 01

repeat test.

18. A candidate who fails the Colour Plate Test but who passes the Colour Perception Iantern
Test will be graded CV2 - Colour Defective Safe (CDS)

19. A candidate who fails the Colour Plate Test and the Colour Perception lantern Test will
be graded CV3 - Colour Defective Unsafe(CDU)

RECORDING OF RESULTS

g0. Form 2040, Colour Perception Lantern shall be completed in duplicate for each candidate
tested on the Colour Perception lantern. One copy shall be inserted in the candidate's medical
documents and the second copy forwarded CFHQ Attn: Surgeon General for inclusion in the individuals
CFHQ medical envelope.

21. Space has been provided in the column headed "Knob Position" in proforma in which
to indicate the starting point and direction of each rotation. An arrow shall be placed in the
appropriate column opposite the beginning of each sequence, the direction of the arrow to indicate
the direction of rotation.
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DISCUSSION

TREDICI How did you arrive at the figure of 99.3%? From the testing that
you are using, described in the paper, you cannot state these were
normal because you did not test for complete normalcy within the
class II category. There would be a lot of individuals who would
not be completely normal because some, about 30%, would fail the
test plates. Was that taken into consideration?

LIDDY The figure of 99.3% refers to 99.3% of 1200 candidates who presented
at the Institute of Aviation Medicine for final testing. They were
pre-screened to a certain degree and only 7 of these candidates were
colour defective; 5 of these were deuteranomalous and 2 were protanope.

KURSCHNER What colour signals or colour markings are mandatory for Fighter
Control Operators, Aircraft Control Operators and Laboratory Assistants?

LIDDY This is the old classification for which I am not responsible. I
think the requirements here were that Fighter Control Operators needed
to have completely normal colour vision and laboratory assistants are
presumed to need good colour vision because of the spectroscopic
analysis required in various laboratory testing procedures. In the
case of the third group, the aircraft control operators, I presume
the standard was formulated in relation to movements of aircraft and
vehicles on runways.

KURSCHNER Under what visual angle are colour test lights submitted in the colour
test lantern according to Green-Edwards?

LIDDY The lantern has a distance of I inch between the apertures. The
apertures are 1/50 of an inch. The distance of testing is 20 feet (6m).

4,
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Eassi do Stmndardisation do ls Cathgorisation des Anomalies
do Is Vision des Couleura on ailiou militaire, ainsi quo des M6thodes

*Uploy~se an vuO de lour d6pistage.

Major-N6docin Ophtalmologiste J.14. VAN DE CASTEELE
Centre do Midecine Aironautique, Bruxelles.

1. introduction.

11 nous sembls indispensable, atmn d'obtonir une ofilection uniforme, do stander-
diser notro catigor!!.ation at nos tests do la visionl des coulours, ainsi quo on ce qui concern#
lea tests pigmntaires, lour iclairae.

Los tests employis devraiont 8tre bien pr~cisas et lour nombro doyrait *tro r6-
duit. Isa permottront copendant une catigorisation A base sciontifiquo, r6fi6tant de taqon raison-
noble lo degri do gravit6 th6orique et pratique do l'anomalie.
La classification des individus on cat6gorica, itablies on fonction du nombre do riponses 6rro.
noes A l'un ou i'autrs test, en particulier aux Pianchos d'Ishihara, dovrait Stro 6vitoe ; coo
catigories se sent on effet av6r6es Stre assoz h~t~rog~mes aussi bien on co qui concerns Is nature
do l'snomaio quo quant a as gravit6.

2. Toots Employ~s.

Pour itablir un diagnostic d'anonalie do la vision des coulours, ii taut employer
conjointement plusiours tests :des 6preuves pigmentaires (cartons pseudo-isochromatiquos et 6preu-
ves dosseortiment) at l'anomaloscopo, sans lequel is classification d'une dysobromatopsie cong~ni-
tale rest. un diagnostic do probabilit6.

a. En vuc du li~iatagl, lea Atlas Pseudo-isochromatiquos d'ISHIHARA, do HARDY,
RAND and RITTLER ot is TRITAN PLATE do FARN1SWORTH devraient Atre obligatoirocsnt amploy~s. Le
principe bien connu do cos cartons oat quo certains signos sent rendus invisiblos, du fait quo
les coulours des pastilles constituent is fend, forment avoc lea couleura des pastilles consti-

* tuant is signs, des paires de aloes isucios ot dont lea lisux so situent sur is mane ligno do con-
6fusion.

Solon quo loa diff~ronceo ontro loa coulours soiont plus ou moirns diosonbiablos, le carton servi-
ra A Is d~toction ou A ls classification. Los aignes do certaine cartons, dits do "contre-6prouve"l
no seront par aublurn pas roconnus par lea sujets normaux :les diffironcos ontro les couleura
no concornont quo Is composante blouo at masquent loa composantos rouge et vorto cal diff~renci6s
par los sujets proton ot doutsn. Coux-ci lisent sinai 1e signs nornalomont invisible, l'oxagira-
tion ivontuolle des contrastos y sidant 6galtment.

b. L'ATLAS d'ISHIHARA eat trop connu pour quo nousaon donnions une description.

Sachons qulil s'agit d'un bon test do d~tection protan-douten, tr~s ou also
trop sensible. Il no percot copondant quo tris imparfaitosont do distinguer 1e type protan du
doutan, du fait do la non-lecture fr6quente des doux chiffres des planches conques & cot effet.
11 no permot 6galemont pas do so fairo uno idio do Ia gravit6 thfiorique do Ia dysobromatopsis,
ot ignore is d~taction dos d6ficiencos tritan, voiro t6tartan.

c. L'AO-HRR ou ATrLAS do HARDY, RAND et RITTLER, 6dit6 par l'American Optical
Company% percst une bonne 6tudo do la direction do l'axo neutro ot uns appr~ciation valable do
la gravit4 th~orique du f~ficit. 11 nous aidora d,,nc lors de is catizoristion quo neus venons
d'6noncer plus bout.

Il contient 6galement dos cartons visant lea d~ficiences d'oxe blou-vert (tri-
tan - t~tartan). La pr~aontatien des plar.;nss d'arriire on avant facilitora son osploi ot rac-
courcira sinsi ls temps d'examsn, tout en 6vitant ilutildsation dos planchos do d6aonstration.

d. La TRITAN PLATE de FARNSWORTH$ planche unique conque pour le dipistage de
Ia tritanecalio at do Is tritanopie, sat tris efficionto pour I& d~toction dos d~ficioncos daxo
vort-rougo ou soul Is carr6 vert eat viaible.Sa pr6sentation no demands quasi pas do tempsaot
0110 dovrait dono Stro incluso dons ls battorie des tests do routine.

o. Le PANEL D- 15 ou TEST DIZHOTO.I U3 DE FARN1SWORTH, iprouve bion connue d'a5-
sortiment, sore d'uno grando utilitilobra dn ls catigoriaation, pour reconnaitre 1e type et ap-
pr~ciom is ,Sravit6 do 1a d~ficionco.

Lea confusions so font entre des couleura plus ou moins diam~tralement oppoa6ea
par rapport A un gris do aloe loucie.

L'ajouto des lignos do r.~flrance titartan et scotopique, 6tablios par Verriest
on augmontera l'utilit6.
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Sachona quo lea sujots normaux offoctuent parfois quoiques permutations argina-
les, ou une soule confusion diam~trale de typo tritan ou t~tartan.

Ce test ne sera appliqu6 qulaux dyachromatea puisqu'il ne s'agit pas d'un test
do d~tection. Le nombre et la direction des confusions dism~trale3 ous ronseignont qusnt au typo
et A Ia gravit6 de la d~ficience.

f. Lo 100-HUE do FARN1SWORTH, autre 6preuvo d'assortiment r~partit lea pion$ on
quatre piumiere de faqon A ce que, contrairement au Panel D-15, 1e8 erreurs ne pauvent so faire de
fagon diam~trale, masa on fonction de la courbe des seuils diffirentielo chromatiques.

Le nombre et Ia gravit6 totalo des errours sont esti~as par chiffre-indox total
Cu score.

La distribution des orreurs, des maxias s situant aux points do tangence des
lignes de confusion, sera 6tudi~e par voio graphique. Un artifAce d'inscription permottra d'obtenir
on cas do dyschromstopsie le plus souvent un trsc6 d'aspect bipolaire qui permettra de distinguer
un axe passant psr le centre des maxiras, axe perpendiculairo A l'axe neutre, ot caract~riatique du
type do Ia d~ficienco.

scoopiue. Cosine pour 1e panel Dl-15 Verriest y a ajout6 une ligno do r~f~rence t~tartan et

Ce teet no pout cortainement pas 8tre rotenu cosine test de routine. 11 eat utile
pour la cisnification et l'appr~ciation do la gravit6.

Sea inconvinients sont s s~diocrit6 au point de vue d~tection, le long temps
do pass&tion, et la n~cessit6 dune bonne coopiration.

g. LIECLAIRAGE des toots pigmontaires docrait Stro obligatoirenent fait A l'aido
d'une source do lumiire do distribution spectralo procho do l'Atalon-C do la Commission Intornatio-
nale do 1'Eclairage, do 75 lux eu momns.

La Macbeth Ads-IC a chavalot convient tris bien pour les cartons psoudo-iaochro-
metiquos, tandis quo Is Macboth BBX-324 Cu BBX-320 eat tres pratique pour l'ex~cution des 6preuves
d'assortimont et d" classification d'Achantillono coloris,

h. Soul l'ANCMALOSCOP3 do NAGEL permottra finalonent 1a transition d'un diagnos-
tic do probabilit6 d'une dyachromatopnie cong~nitale, 6tablie par les tosts pr~cit~a, au diagnostic
do certitude et A Is classification oxecto.

L'exicution do cette 6priuve dV6gaiisation on trois "'volots" pout done Ia asoi-
ti des coo Otro confi' e A un technician. 11 recherchera si l'Aquation moyonne de Rayleigh eat ao-
cept6e ou non, ot si l'individu test6 obtiont ou non Il'galiostion do Ia radiation jaune avec Ia
radiation rouge ot Is radiation verte. Cot examen no prond quo tr~s peu do tempo puisque los p6-
niodes d'obsorvation no pouvent do toute fagon pas oxc~dor 10 socundes afin dlivitor los ph~nom~nes
doadaptation local*.

Dane cotte forma simplifiie, il pout dono faire Portie do Ilexamon do routine.
Au bosomn, l'examen pout 8tre compl~t6 par llophtalmologiate qui lui roohorchera tous los lioux
pour looquela lea deux moiti~s du champ sont m6tem~res.

h. Si los 6prouves do dhnomination no permottont pas d'Aitablir ais~ment le typo
et ia gravit6 d'une d~ficionce, nous pensons quo, par example, la LANTERNE do BEYNE autoriserait
cortains "rep~chagea" Cu latitudes done l'application don crit~ron d'aptitude dans quolques ceo par-
ticuliers.

Gee d~rogations restent A discuter.

3. Conclusions, Categorisation.

Afin d'obtenir uno saloction uniforms, nos tests do la vision des couloursaot
lour 6clatrago 6ventuel dersient Stro standardio6s.

En vue du 162istagI, tous los candidate sersiont soumis aux toots d'Iahihsra,
l'AO-HRR, ls Farnsworth-Tritan Plate, ot lexacen en trois I'volots" i l'anor~loScopo do Nagel.

Los tosts pigontaires soraient icleiris A l'aido d'uns source do luire do
distribution spoctrale proche do l'Atalon-C do Ia C.I.E.

La jiravits .t 10 jy~eo d'uno dificience soront appr~sci~a A l'AO-HRR, au Panel-
D-15 do Farnsworth, A l'e;noaloscopo do Nagel, at bvntullemont au 100-Huo do Farnsworth. Plaido-
rent pour un di-chromatismo, plut6t quo pour un tri-chromatiame anornal :un AO-HRR "strong", un
maximum do confuei~ns dieamtralos au Panel D-15 at llexistonce d'uno zone dliquation caract~riati-
quo A I'anomaloscope. Des risultata trio dificionts et du type scotopique au Panel D-15, au 100-H'.o
st A l'enomaloscope, foront edmottro un mono-chromatiene,
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L'Individu tcst6 devrait 8tre cateforisi sous use des dinosinations suivantes:
normal, protanowal (16ger, moyen, grave), deut~ranosmal Tl~eer, moyen, grave), protanope, adeut~rano-
pe, achromate typique, achromate atypique, et "autres d6ficits'.

Cette derni~re d~nomination couvrirsit entr'autres les d6ficiences tritan et t6-
tartan, qui seraient obligatoirement =is en observation dans un service hospitalier disposant d'une
installation 6lectro-ritinographique, et permettant l'4tablissesent d'un bilan fonctionne. pouass
afin d'6tablir si elles sont acquises ou cong~nitales, ce qui parait de plus en plus 8tre l& touto
grande exception.

Si l'individu d6ficient n'a subi qu'une partie des tests pr6conia6s !u fait que
l'aptitude enjeu n'en valait pas la paine, Ilexpert pourra le plus souvent encore faire appel 4i
cette cat6gorisation. Des symboles repris on snarge, et indiquant lee 6preuveasaubies, percettront
dsns ce cas de juger A quel point le diagnostic en 6tait un de probabilit6, et s'il y a lieu ult6-
rieurement de le compl6ter.

Il nous semble qu'& partir d'une telle cat6gorisation, des crit~res uniforms
et des aptitudes nuanc~ea pourraient Stre discut6ee, permettant 6ventuellement llacc~a do certains
dyschromates A des fonctions r6servfiea jusqu'A prisent aux seuls normaux.

Lion pout se demander onfin s'il ne serait pas indiqu6 d'4tablir tel que Verriest
l'a fait en 1968 un ensemble organisi de tests :us ensemble constitui de certains cartons s41cc-
tionn4s de l'Ishihara et do IIAO-HRR sur la bsse de l'appr6ciation analytique des efficiences, ain-
si quo par le Panel D-15 et l'Anomaloscope. La cat6gorisation et le diagnostic des diff6rentes dfi-
ficiences sea trouveraient poa6e avec pluu de facilit6 at avec plus do certitude.
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DISCUSSION

PERDRIEL Je voudrais fdliciter Mr. van de Casteele de son 6tude tras
ddtaill4e des tests actuellement utilis~s pour la d~tection des
anomalies du sens chromatique. Toutefois, je voudrais discuter
certains points de sa communication:

1) Le test d'Ishihara nous a paru toujours sup4rieur
au point de vue de la d4tection des anomalies au
test de Hardy-Rand-Rittler.

2) Le test de Farnsworth 15 Hue nous paralt nettement
insuffisant, sauf pour les dyschromatopsies acquises.
Nous pr4f~rons de beaucoup le test de Farnsworth 100
Hue qui apporte une discrimination beaucoup plus
efficace.

3) La lanterne de Beyne est A notre avis un appareillage
excellent qui donne une notion r~elle de la capacit6
chromatique de l'aviateur.

VAN DE CASTEELE Je suis tout A fait d'accord et d'ailleurs je n'ai pas plac6 le
panel de 15 parmi les tests de d4pistage. En ce qui concerne le
nombre des tests A appliquer, je suis t6ut A fait d'accord sur le
fait que cela d4pend un peu du temps dont on dispose et du nombre
des eandidats. C'est pourquoi J'ai dit qU6 l'on peut adopter encore
cette classification.

VOS Do you really use all these tests? Do you have arguments why you
consider these tests as relevant, whereas many other authors tend to
denigrate most tests and turn to lartern-testinq only? What are your
comments on the fact that H-R-R test is not manufactured any more?*

VAN DE CASTEELE At the Air Force Medical Center and for the flying personnel the tests
are used as indicated. This means that "normal subjects", of course,
will not undergo the time consuming Panel D-15 or 100 Hue tests. For
"general purposes" at the Selection Center. of the Armed Forces only
the AO-HRR, the Ishihara, and a,lantern (designed and constructed by
the Belgian Army and commercially not available) are used.

The aim was to obtain uniform testing conditions and uniform categori-
sation. If, for example, it was generally decided that a pilot needs
to have "normal" color vision, a testing, as indicated, would select
quite fairly such "normals", and re-tests later on would again confirm
the initial examination. If, on the contrary, it was decided that
certain colour-defectives might be allowed to fly in certain
conditions, it seems to me that these individuals could be selected
on the basis of the advocated categorisation. Numerous papers exist
that appreciate the value of colour tests in the detection and assess-
ment of the degree of gravity of colour vision defects. An excellent
experimental one, for example is VERRIEST, G.: "Appr4ciation analytique
des efficiences de quelques tests pour le diagnostic des d4ficiences
cong~nitales de la vision des couleurs." in Scritti in onore del
Prof. Luigi Maggiore, 1968, Maccari editore, Parma. The address of
the author is: Department of Ophthalmology, University Hospital,
De Pintelaan, 8-9000 GENT, Belgium.

I hope that the AO-HRR test will be manufactured again, as it is a
valuable test when used In combination with other tests.
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COLOUR VISION REQUIREMENTS IN DIFFERENT OPERATIONAL ROLES

by

Wing Commander D. H. Brennan RAI
Royal Air Force Institute of Aviation Medicine, Farnborough, Hants, UK.

SUMMARY

A study into the importance of colour vision in the various oper.'tional roles of the Royal Air
Force and Army Air Corps has been carried out. It is considered that good colour acuity, although
playing a valuable part in the total process of visual perception, is not of paramount importance. It
would be possible by altering the present chromaticities of red and green signal colours to admit for
all aircrew duties, except those of Close Air Support, the more severe grades of red green defective.
It is thought, however, that the small gain in recruiting would not warrant the resulting expense and
disruption of present services.

The pseudo-isochromatic plates provide a simple and rapid method of detecting even minor anomalies
of colour vision and should be retained as the initial examining procedure.

With present standards the lantern is the best "trade test" for grading colour defectives as fit or
unfit for aircrew duties. Should standards be lowered it would be necessary to supplement the lantern
with a quantitative teact which should be related, if possible, to the role envisaged for the candidate.

INTRODUCTION

The colour vision requirements and selection methods for Royal Air Force aircrew, in use today,
were adopted in 1950. The present study examines whether these standards are still relevant to the
operational needs of the Royal Air Force in the 1970's.

METHOD

The investigation was mainly carried out in RAP Strike Comnand which is involved in most operational
roles. Discussions and visits also took place within Air Support and Trpining Comnands, the Army Air
Corps, and with centres responsible for aircrew selection.

In the case of RAP Strike Command, discussions were held with staff officers responsible for the
various roles, and visits were maee at group headquarters concerned with maritime operations, air defence
and strategic bombing. The views of the Central Trials and Tictics Organisation were also obtained.
Operational stations representative of each role were visited, and individual crew members gave their
views on the value of colour cues in their particular role. Aircraft cockpit assemblies were examined,
and where feasible crews were accompanied on training sorties. Personal expcrience of mock emergencies
was gained in the simulator.

RESULTS

COLOUR REQUIREMENTS COMMON TO MOST ROLES

GROUND TO AIR SIGNALS

1. VEREY LIGHTS (red/green/white/yellow/blue)

ALDIS SIGNALLING LAMP (red/green/white)

Red and green are used in search and rescue, and in the rare event of complete loss of radio contact
with ground control they would be used to indicate whether it is dangerous or safe to land. The other
colours identify ground units to friendly aircraft. Verey lights may be fired in combination, i.e. two
reds and one green in the same cartridge and can be difficult to see in right hazy conditions. The Aldis
lamp subtends, at distance, a very small angle on the retina, and although very bright it can be difficult
to see unless accurately aligned on the aircraft.

2. SMOKE

a. RAF (brown/white)

b. ARMY (red/green/white/yellow/blue)

Smoke is used as a marker to indicate targets, dropping zones and friendly units.

3. FLUORSCENT MATERIALS

a. Dayglo - Orange

b. Fluorescein - Greeny yellow dye
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Dayglo is used for dinghy carking in search and rescue operations and by the Army to convey
information to aircraft by varying the geometry of fabric panels.

Pluorescein is used as a marker in sea survival.

LANDING AIDS AND AIR SUPPORT MARKINGS

1. ANGLE OF DESCENT INDICATORS

a. VISUAL APPROACH SLOPE INDICATOR (VASI)

This is a device consisting of two sets of anglel red and white lights separated
on each side of the runway by 50 yards. The lights are very bright and can be seen
up to 8 miles away in clear conditions. During the descent the pilot is on the
correct glide path if both sets of lights look pink, or if the distant set is red
and the near set white. In an emergency painted boards can be used instead of lights.

b. ANGLE OF APPROACH INDICATOR

This is an older device which is becoming obsolete. It uses the colours yellow,
green and red. Pilots have reported confusion of the colours with other airfield
lighting.

c. MIRROR LANDING DEVICES

The Royal Navy uses a landing device whereby the pilot, when making a correct descent,
aligns a circle of white light "matball" cntrally between two horizontal datum bars
of white light. Later versions of this use a yellow "meatball" and green datum
lighting.

2. RUNWAY LIGHTING

a. The lights which indicate the lead in path to the runway are red or white.

b. The lights on the edge of the runway are white.

c. The lights on the centre line of modern runways are usually green, whereas older
runways may use white lights. The most moder array has alternate red and white
lights.

d. The lights on the threshold and end of the runway are transversely positioned red or
green.

e. Taxiways on modern airfields have green centre lighting alone or the combinations of
green and blue, or blue and amber on the taxiway edges.

f. Traffic lights are horizontally positioned red and green lights.

3. AIRFIELD IDENTIFICATION BEACONS

A flashing red beacon indicates a military airfield.

A flashing green beacon indicates a civil airfield.

A flashing green or white beacon indicates a civil airfield in Europe.

AIR TO GROUND SIGNALS

If it is necessary to indicate to a home base that an aircraft is friendly or that contact with the
tower is lost, an Aldis lamp or a red flare may be used.

AIR TO AIR

1. ANTI COLLISION LIGHTS

These are flashing red or strobe white, sometimes reinforced for daytime use with Dayglo panels,
although panels can have the effect of breaking up aircraft profiles.

2. NAVIGATION LIGHTS

The port side is indicated with a red light; the starboard side is indicated with a green light;
whilst the tail of the aircraft has a white light. These lights are important in that they
show whether an aircraft is approaching or receding. Many pilots consider that with modern
high performance aircraft it may already be too late to take avoiding action if one is close
enough to have appre iated these cues.

3. NATIONAL MARKINGS AND FLAGS

In times of emergency ic is desirable that astional markings be seen, as the same type of
aircraft or ship may be used by hostile, neutral or friendly countries. In actual
hostilities, due to the range of modern missiles, an aircraft - if not known to be in the area
and friendly - would be attAcked on radar or first sighting.
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4. AIR TO AIR REFUELLING

The Victor tanker has Dayglo markings and presents an array of signal lights to the
recipient. The colours red, amber and green are used and are differently positioned on
the centre and wing pods.

A red light signals that the aircraft is approaching tbe tanker or must break away.

An amber light shows that the recipient is line astern.

A green light indicates that fuel is flowing and an amber light that the tanks are full.

The sequence green, amber and back to green conveys the information that 1,000 lbs of fuel
have been given.

Many pilots state that they ignore the colour of the lights, relying instead on their
position.

AIRCRAFr INTERIORS

I. COCKPIT LIGHTING

Many lights are used in the cockpit and these can be divided into three categories. Red lights
indicate a hazard demanding immediate attention; amber lights indicate a lesser malfunction which if
left unattended could lead to a major hazard; while blue, green or white lights confirm that a service
is functioning. For example, in one aircraft a red flashing attention attracting light accompanied
by a clanging bell in the headset indicates a major hazard. On looking to his left, the pilot sees
the malfunctiot, written on a panel backlit in red. The amber cautionary light panel is on the right
with the legend of the minor malfunction also backlit. Attention is drawn by an amber flashing
light not accokpanied by a clanging bell. Emergency levers such as on the ejection seat are painted
with yellow and black bands, and some gauges have colourad segments painted in red and green.

Aircrew appear to rely to a degree on the position of lights, rather than the actual colours,
to know what is amiss.

Cockpit lighting in recent aircraft is integral tungsten white, colour temperature corrected
"lunar" white, or red accompanied by flood lighting in white or red. Older aircraft may have ultra
violet and red lighting. One possible h'zard noted is that owing to the difficulty in seeing
instruments, pilots frequently tuie op red floodlighting to maximum brilliance. This could result
in some fatigue of the red receptor' and difficulty with VASt.

2. MAPS

The colouring of maps is of significance in flight planning. In flight the course will be
confirmed by sighting landmarks such as towns, roads, railways, hills, woodg, promontories etc.
Spot heights are marked in figures, lessening the requirements for coloured contouring, while many
other features of colour coding are duplicated by legends, figures or shapes.

Host navigators are able adequately to read maps in red cockpit lighting. This lends support
to the value of cues, other than colour.

3. ELECTRONICS

Repairs to electronic equipment would not be undertaken in flight. The only servicing
attempted would be minor, such as changing a fuse.

SPEC1ALISED ROIES

1. MARITIME

Search is primarily done by electronic devices. Visual sighting is by silhouette recognition which
is seen before colours are appreciated, especially if a vessel is backlit. The sea provides a grey/
green and white environment in northern waters against which ship colouring of grey, white and dirty rust
blends well. The red funnel markings of some trawlers, and the green decks of Royal Naval ships are only
appreciated when very close.

High speed vessels provide an obvious white wake, especially when moving at right angles to the
white caps.

The strike role could involve recognition of national flags or markings, but in war an unknown ship
in a potentially hostile area would be attacked long before markings could be seen, probably even before
the silhouette was seen.

Search and rescue; the chromatic element of this is recognition of red and green Verey lights and
the recognition of Fluorescein and Dayglo.

Navigators use Decca, Loran or Consol charts which have lattice lines in blue, red, green, brown

and purple.

2. AIR DEFENCE

The aircraft is radar controlled to target, and missiles are fired before the target is within
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visual range. In -interrogation there is the need to recognise profile* by night and day with confirma-
tory evidence of national markings in day time.

3. LOW LEVELt STRUMC

Strike against eney targets would alays be at low level. The, aircraft would fly to just outside
ene-y-radar, and-then descend to operating height and maki a high speed ipprosch to target. Collision
avoidance radar is fitted but visual watch is also kept as a safegtard, and in order to check the low
level navigation by sighting road*., bridges, railvays etc. In operaticui opaque screens woud cover all
windoaws and no-one would look outside at all due to danger of flash blindness and retinal burns.

The maps preferred are topographical tactical charts which are relatively uncluttered.

4. TRPANSrORT AND AiaD FZOMJN2WS5AN(X

There are no problem. peculiar to this role.

5. CLOSE AIR SUPPORT TO CROUND TROOPS

This role includes the use of fixed vieg, rotary wing and VTOL aircraft. They are radio controlled
or rely on Verey, Smoke, Alds or Dayglo panel geometry. They would have the need to recognise =ilirary
forzations, vehicles, tanks and terrain features. It is in this role of close air support that the
greatest need exists for good colour acuity.

Camouflage markings are chosen to confuse the normal trichrozat. The colour defective, in this
respect, may therefore be at an advantage.

DISCUSSION

The approach used in this survey was to interview sirrev as to the inportance of colo~r in their
various roles, and to supplement this wherever possible by personal experience. It is realised that this
aprroach has disadvantages, as it is difficult for the colour normal to envisage the problems faced by
the colour defective. Also, that answers to questions may very according to how the questions are
phrased. Nevertheless this va the most practical approach, and a remarkable consistency of views was
obtained from officers of different seniority engaged in widely differing tasks. The initial reaction
of most officers was to regard a high degree of colour acuity as essential, but on analysing this r;ew
many were surprised at how little they really relied co colour as a parmount cue.

Visual perception is dependent on a great variety of different visual cues supplemented cokically
by experience and intelligence. Much of the visual information may be duplicated by different cues# and
it is this redundancy of information that gives an individual confidence in what he sfeo. If colour
vision standards were lowered one of these cues would be removed and therefore the colour defective
would be at some disadvantage, however small, with the colour normal.

The incidence of coloutr defectives in the British male population is approximately eight per cent
and of these about half could be passed as fit for aircrew ,duties using the present test methods. Should
colour entry standards be lowered in order to gain nore recruits for aircrew duties, it would be necessary
tc change coloured signal standards internationally. It may be considered that this is not Justified when
zhe small gain in recruiting is weighed against the expense and the possible decrement in performanco.

The present test methods of screening with the pseudo-isochromatic charts followed by grading
defectives with the laternire suitable for present standards. If standards were lowered it wc¢'ld be
necessary to assess the defectives' deficiency quantitatively, and if possible relate this to the
ninimum requirements necessary for the safe and efficient execution of his role.

REPERF.NCE

1. P. L. Walraven. The fluctuation theory of colour discrimination.
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APP NDIX .

TYPES OF COLOUR DEFECTIVE

Some degree of colour anomaly occurs with a mean frequency of approximately I in 12 in the British
male popalation.

Colour vision is a function of the cones and therefore of photopic (day) vision. The rods, which
cannot discriminate between colours, are responsible for acotopic (night) vision. The rods are oamally
sensitive to shorter wave lengths in the blue-green region ef the apectrum, peaking at about 500 n.
They are relatively insensitive to longer wavelengths at the red end of the spectrum.

According to the generally accepted Young-Helmholtz rheory of colour vision, there are three classes
of cone present maximally at the macula, in the ratio of I : 10 : 10. These cones have absorption peaks
at about 460 um (blue), 540 no (green), 580 o (red). A combination of these three primary colours In
the correct proportions is seen as white light, and by varying the proportions and saturation any other
colour can be atched. According to the work of Walraven, information from the three types of cone is
analysed into three channels. A brightness channel which is the Surmation of brightness information
from each cone, and two chromatic channels, a Red-Green and a Yellow (redfgreen)-Blue channel. It
might, therefore, be more accurate to use the term double dichronats rather than normal trichrmats.

Colour defectives are generally sub-divided into three main groups.

1. WHOGIROMATS: Complete absence of colour sensation.

a. Rod - frequency I in 30,000. Associated with poor day visual acuity.

b. Cone - frequency I in 100,000,000. Associated with good day and night visual acuity,

2. DICHROATS: Require only two primaries to match all colours.

a. Protanopes: 1 in 100. Lack red cones, therefore suffer a loss of brightness as well as
absence of red sensation. This gives rise to red/green confusion.

b. Deuteranopes: 1 in 100. Do not possess separate red and green cones but a single cone
presumably containing both red and green pigments. There is no loss of brightness, but
red/green confusion.

c. Tritanopes: I in 13-65,000. Very rare, lack blue cones. The normal individual is tritanopic
if the field of vision is small enough as the fovea centralis doer not contain blue cones.

3. ANOMALOUS TRICHROMATS

a. Protanomalous: I in 100 Require more red stimulation for a match than normal.

b. Deuterenomalous: I in 20 Require more green stimulation for a match than the normal.

c. Tritanomalous: Rare, but suggested to be I in 4,000. Require more blue stimulation for
a match than the noimal.

As can be seen from the above approximate figures, it is only with red green defectives we need be
concerned.

Az by far the majority of flying personnel are normal trichromats, it is important that any changes
or additions to colour cues made for the minority should not confuse the majority.
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APPENDIX II

REQUIREIENT FOR COLUR ACUITY

It is important to reject the misleadir rerm "Colour iL;dnaxss" and instead substitute the more
descriptive phrase "Colour Defective". A rctevorthy poiut is that even in the colour normal, one spectral
wavelength does not always elicit the same *olour rozponse. This can be due to the effects of simultaneous
and successive contrast, and with increasing 49e the deposition of yellow pigment in the lens.

It will also be of value to know how thL various types of colour defective "see" different colours.
(See Table Appendix II).

As will be appreciated the signal colours of red wid green both in lights and flares could be made
ote obviout to the protonope and deuteranope by making the red more orange and the green more blue.

To make confusion even less likely, further cues cnuld be added such as a bar across a green light, but
not on a red; or in flares by using a 2 star red and a one star green. (International standardisation
would be required). The lattice lines on Decca, Loran or Consel charts could have an added shape
coding.

Should the red signal colour he made moze oranae it woul, be necessary to abandon yellow light
signals as these could be confused with the new red standard. It would also be neceesary to ensure that
white light was of a high colour temperature, as discrimination between a dim white light and the new
red signal colour could be difficult.

If the green signal colour were made more blue it vould be necessary to increase the power of th-.
illuminating source. This would be necessary as the new filter would have a greater absorption factor,
and in order to maintain visibility at its present level power consumption would have to be increased
two to three tines.

Yellow is not a vital signal colour in aviation, and the power of illuminating sources can be
increased, but it is considered that the return in recruiting would not justify the international
effort and cost involved.

Naming of Portions of a Continuous Luminous Spectrum by Red and Green Colour Defectives
of Differing Severity

Normal hie Dark ed OaeYlowYellow- Bu- D
Descriionr ehite Re OB Blue BlackDescription Red Green Green Green

Protanopia dark brown dirty yellow yellow- grey grey blue black
grey yellow brown

white brown red dark yellow dirty grey blue- blue black
yellow yellow green

dark red orange yellow dirty orange grey- blue dark red
red yellow green or blue

Protanomaly dark red orange yellow light grey- green blue black

red green green

white dark dark orange yellow brown- green bluish blue black
brown red ish

yellow

Deuteranopia brown red green yellow orange brown- bluish blue black
white green green

dark red orange yellow dirty green blue- blue black
brown yellow green

Deuteranomaly dark red orange yellow orange green- blue greenish black
white red ish blue

brown red green yellow green green- blue blue black
ish

This information has been abridged from 'Table 5' page 32 of 'Diagnosis and Genetics of Defective
Colour Vision' by H. Kalms, First Edition 1965.

.4MEM
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APPENDIX III

OOLqJJR TEST M4ETHODS

1. PSEUDO-ISOCHROMATIC CHARTS

The beat known of these are the Ishihara and H.R.R. plates. The Ishihara plates do not test for
tritan defects but are of great value as a rapid screen for large numbers in eliminating all but minor
degrees of red/green anomaly. In their use, light of the correct colour temperature is essential as is
avoidance of oblique lighting which, due to differing degrees of ink gloss, could lead to spurious results.
W/hen inks begin to fade the plates must be replaced.

2. LANTERN TESTS

These are popular as "trade tests" with the armed forces, merchant marine and transport ministries of
many nations, as they provide a practical test of a man's ability to recognise signal colours at different
distances according to the angle subtended on the macula by the aperture used. The lantern tests are
simple to use, and most examinees accept the justice of relating this test to their job. The Royal Air
Force is at present engaged in sponsoring the development of a new lantern. This lantern should obviate
the disadvantage of older lanterns in terms of colour temperature, cleanliness of small apertures and
spectral characteristics of the filters.

3. FARNSWORTH MUSELL 100 HUE TEST

This is a good, if laborious, test which involved grading of unsaturated colour caps in their natural
order. It can be operated by unskilled people and gives the degree of colour deficiency in a quantative
form.

4. LOVIBOND OOLOUR VISION TESTER

This is a prototype machine which has not yet been fully evaluated. The candidate is required to
match a central neutral grey light to a peripheral circle of randomised colours containing only one
similar grey. The brightaese of the colours is under the control of the candidate and the degree of
saturation can be varied continuously by the examiner.

5. ANOMALOSCOPE

This is the most scientifically valuable instrument for colour vision testing, particularly in the
anomalous trichroat. there are many versions but all consist basically in presenting the candidate
with a split field ir, which he is required to match a selected colour in one half of the field by a
mixture of two or more spectrally pure colours ;n the other half, the mixture used bei..g read quantatively.
Unfortunately it is exp.ansive, bulky and requires skilled operators.

6. ROYAL AIR FORCE TEST METHODS

A candidate is screened with the Ishihara plates. If entirely correct he is graded colour normal and
is passed fit for all roles. Should he fail the Ishihara test he must correctly name the signal colours
red/green/white at all sizes of aperture on either the Martin or Giles Archer lantern and he is then
graded colour abnormal but safe for aircrew duties.
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DISCUSSION

NOTE: Following the presentation of his paper Wing Commander Brennan presented a
survey of colour vision testing lanterns and their characteristics, and gave
some information on the new RAF lantern which is currently under development,

CHEVALERAUD Ii me semble que vous n'avez pas parl4 du facteur "temps" dans la
lanterne que vous 6tes actuellement en train de mettre au point. 1l
me semble que le facteur "temps" intervient d'une fagon importante
et vous permet peut-8tre de s~lectionner pour certaines fonctions
des Indiviuus que vous repousseriez pour d'autres fonctions. J'ai
At4 4tonn4 que vous ne retourniez pas ce facteur. Est-ce-que vous
pouvez expliquer les raisons pour lesquelles vous n'avez pas retenu
une rdpresentation de temps des feux colores que vous prdsenterez
aux sujets?

BRENNAN This is perfectly true and the matter is still under experiment. We
have not decided whether to present the colours for, say, 5 seconds or
whether to present them for I second and switch the lamp off, and then
present the colours for another second and switch it off, and then
present it another three times.

VOS I was happy to see the chromaticity data for the various lantern tests.
I missed them, however, in your preprint. I should like to have them
and I do not know where they are published.

BRENNAN I can certainly let you have them. No, they have not been published.

VOS I appreciate that in some ways it is always nice to see standardisation,
but how much does it pay off? Are the results which you expect with
the standardized lantern better for ptrsonnel selection than those
obtained with a primitive setup? Have you any guarantee7

BRENNAN No, I have no guarantee.

TREDICI Is there any plan to really correlate your lantern, our lantern, or
any other lantern, with the actual requirements of the jobj whatever
the job. This is really the crux of the matter as we now have more
tests than we are able to utilise effectively. This is an aspect that
we are trying to press.

BRENNAN It is not the intention to add yet another test. This is an attempt
to improve on a lantern test. We are trying to make it a trade test
with the additional benefit that you can detect anomalous vision.
Both colours, by being fairly wide apart, are equally effective as a
trade test because they fall within the boundaries which have been
set up by the ICAO.

KURSCHNER Do you believe that under present day flying conditions it is still
realistic to require a pilot or a tower controller to deduce from the
position of the green and red navigation lights whether a plane is
coming towards or going away from the observer.

BRENNAN Yes, I think it is important and you will appreciate if 2 aircraft are
heading towards each other, without the pilots being able to appreciate
whether their planes are converging or diverging then I think with high
performance aircraft they are very likely to have a collision.

Vm _
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AIRCREW COLOR VISION JIRDB4TS

Robert W. Bailey, Colonel, HSC, Coemanding Officer,
U. S. Army Aeromedical Research Laboratory, Fort Rucker, Alabama 36360

SWW4RY

Color vision requirements fir aircrew are subject to much debate and little operational research.
Previous studies by USMRL have identified a relatively high population of color defective aviators in
Amy aviation. A subsequent study revealed no statistical difference in accident rates between a se-
lected population of color defectives and a mtched sample of normals. The only significant difference
demonstrated was between serious accidents in which the color normals were involved in a greater number
of accidents (statistically significant) than color defectives. Operational testing of difficult cases
will also be presented.

We ordinarily consider the male population to have either normal color vision or to be color-blind.
Color-blind is a familiar but misleading description of a visual defect that describes the inability of
certain observers to detect color differences which can be readily distinguished by a normal observer.
Therefore, a more appropriate term is defective color vision. hkuerous studies have established that
amng the European and American male population there are some eight percent of males who possess defec-
tive color vision. The borderline between normal and the initial stages of defective color vision is
ill defined. Generally speaking, a defective observer, or one that has defective color vision, cannot
be employed for making visual measurements with a colorimeter because he is unable to repeat these de-
tailed matches with sufficient accuracy, and because his average readings are subject to wide variations
as compared to their true value as scen by a normal. The defective color vision subject is also likely
to be handicapped in color work generally since his description of the sample my not equal that given
by a normal person and he will not be able to recognize errors in color quite so readily.

One of the real serious problems in the area of establishing color vision standards is the fact that
investigations of the physiological mcchanisms subserving human color vision have always been interdis-
ciplinary in nature, i.e., they have been studied by psychophysicists, physicists, ophthalmologist, phy-
siologists. anatomists, biochemists, biophysicists and bioengineers. This has no doubt come about be-
cause of the complex technological problems associated with the human mechanism for transferring one
quanta of light energy to the brain with the resulting perceptual awareness. Thus, color vision is an
unsolved mystery to those of us that should understand it. In talking about color vision to this group,
I am reminded of the quotation that "the things that we understand least, we explain best to others". In
any event most of the vision textbooks and the anatomy textbooks are a mixture of scientific fact, hypo-
theses, and the theories of the author that are as conflicting and biased as the opinions of the author
selected as the authority. As a result, it takes rather diverse reading and study to have a reasonably
comprehensive view of the subject. As a result the newcomer to this field has a tendency to grossly un-
derestimate the complexity of this subject and to overestimate the value of his initial contributions.
One thing is certain, there is a tetal lack of a nice theory to tidy this wiiole problem up and present
it in a neatly wrapped package. Th, study of human color vision involves a very large number of dis-
parate problems, that range from the'physics and chemistry of the photoreceptive process to subjective
perception.

The generally accepted classification of visual systems in terms of color vision are the normal and
the defective. The normal has a wide range of spectral sensitivity from the shorter wavelengths around
400 nanometers through roughly 750 nanometers. The'normal subject requires three (3) primary colors to
match this total visual spectrum. Those color deficient or defective observers most nearly representing
the normal are called anomalous trichromats. These trichromats will not accept certain normal color
matches regardless of the variation of the normal eye that makes these matches, but they are still able
to match every color in the visual spectrum with three (3) primary colors used by the normal. This is
a mast difficult diagnostic task to determine the degree of color anomaly because it is almost impossible
to judge the impairment of color sensibility to chromatic differcnces in accord with the degree with which
the matches of the anomalous trichromat differ from the normal matches. One type of anomalous trichromat
is differentiated by an additional problem, his luminosity functions vary from other types of anomalous
trichromats and also differ from the normal. The next level or more severe type of color defective is
the did -omat. The monochromats are the most severe form of color defectives and are important in studies
of color vision, but they are not important for the purposes of this paper. Mnochromatics are considered
too defective in both acuity and other problems to be satisfactory aviators and their identification is
not difficult.

This brings us then to the problem of medically selecting aircrewembers on the basis of color vi-
sion requirements. Ordinarily, tests for color defects are carried out for a particular purpose. They

may be undertaken as a purely scientific investigation to discover the incidence and nature of the de-
fect, or the tests are given for industrial or military task requiremients, i.e., whether or not the indi-
vidual is capable of performing certain types of work in which color discrimination is required. This
is the case of aviation. Almost all medical standards specify a :ertain amount of color discrimination
required for flight safety and mission accomplishment. The problem then is how to test whether or not
a potential aircrewean is visually fitted for this type of work. Should ue use the classic color tests
used for separating normals and defectives, or should we give him an operational test in which he is
asked to perform operations similar to those he would have to carry out in actual flight. If we select
the latter, then the conditions of this test must accurately measure the requirements encountered in
actual flight. If we give this seconOI type of test, one which determines his work capability, then we
must recognize that it does not necessarily indicate whether or not the applicant is color defective,
but only whether or not he can satisfactorily perform certain color discriminations required by in-flight
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eperations. A complete diagnosis of color defective vision calls for the measurement of photopic sensi-
tivity curves, spectral mixture data and wavelength discrimination with the aid of very elaborate spectro-
scopic equipment. One form of test employed to evaluate color vision (almost without exception) consists
of a series of patterns of colored dots in patterns and relations that are designed to exceed the percep-
tual ability of the anomalous observer. Another form of test is the anomaloscope presenting a bipartite
field color mixture requirement to the person being examined. The nature of the defect of this kind of
test is usually indicated by the need of excess red or green in order to match a standard yellow.

Rather than discuss the infinite variables associated with the grading or rank ordering of the color
defective it has been my inpression for a long time that our applicants for aviation training do not have
to be color perfect in order to be good pilots and fly safely. It is difficult to maintain the philosophy
that pilot selection be continued according to those color vision tests that have been designed to select
only those that are color perfect. It has long been our impression that few of the navigation, in-flight
operation and airfield control procedures that are encountered in any modern aviation environment depend
upon the color vision skill as they once did in the pre-electronic era. This is not a new concept to be
presented to AGARD; in fact, Bouan and alraven first made this recommendation in 1954. At the 1965
meeting of AGARD, we presented a paper entitled 'Color Vision Deficiencies in Army Aviators" to substan-
tiate this inductive conclusion. Due to the sensitivity of color vision testing methodology, examiners
can and do fail to detect color anomalous observers, and conversely fail to accept normal observers.
Because of these test difficulties, it was our opinion that a large nuamber of Army aviators might in
fact be color anomalous. Our hypothesis was confirmed as a result of the uork done for this AGARD paper
which revealed that about 4.5 percent of the US Army aviator population is color anomalous. This com-
pares to the general male population which is about six (6) percent, the other two (2) percent being
classified as deuteranopic, protanopic, tetartanopic, or monochromatic. This fairly large incidence of
anomalous color vision among Army aviators reinforced our inte est in the role of this anomally in the
selection, training and flying safety.

Fourteen (14) color defective pilots were randomly selected from this population of known color de-
fectives. Detailed analysis by colorimeter identified then as anomalous (mild to moderate) or protanoma-
lous or deuteranomalous type. A matching sample of fourteen (14) pilots was then selected from a pilot
population with normal color vision and matched with respect to age and total flight time. The accident
record for each individual was examined to determine whether anomalous color vision in US Army aviators
could be identified as a significant factor to flight safety. The results of this study are shown in
Table I and Table I.

Table I shows the totals and means for age, flight hours, total accidents, serious accidents, and
minor accidents for the color defectives. Table II shows this same information for the color normals.
The accident data used were provided by the United States Axmy Board for Aviation Accident Research. Their
classification scheme with regard to "serious" and 'minor" accidents is:

a. Major - those accidents which result in total aircraft loss or cause substantial damage to
major systems.

b. Minor - those accidents or incidents which result in a lesser amount of damage than those
classified major.

Statistical tests including the nonparamietric Mann Uhitney U and the parametric t uere performed on
the accident data. All tests were one tailed with a confidence level of .90. This lFvel of confidence
was chosen over some higher level in order to provide more power. These tests yielded statistical sig-
nificance between groups for serious accidents but not between groups for total and minor accidents. Thus,
the null hypothesis stating that there was no difference between color defectives and normal was re-
jected only in the case of serious accidents. It can be seen from the tables that in this category color
normals had more accidents than color defectives.

Fror a statistical as well as a practical viewpoint, the results of this investigation indicate
that mild anomalous trichromats do as well and, it would appear, in some cases better than do color
normals in terms of aircraft accidents. No consideration was given to forced landings and precautiona y
landings due to variables that control these experiences.

The Farnsworth Lantern is a color vision test which presents specially selected pairs of red, green
and white light. It ws developed for US Navy use by the late Commander Farnsworth in the early 1940's
to minimize the number of color defective applicants disqualified for Navy positions for whit.h .olor
judgements were a critical operational task. All of the pseudoisochromatic plates used for color vi.ion
testing are designed to pdss only normls and to fail all color defectives. Farnsworth designed his
lantern to pass normals and that portion of the defective population Mich can make ciubor discrimination
adequate to certain Navy task requirements, i.e., mild anomalous trichromats. It is my considered opinion
that the US Navy color vision requirements, for ship, air, and submarine, are not in fact different from
Army aviation color vision requirements. It is too detailed a subject to review the development of
Farnsworth lantern and its control for handling of the various types and degrees of color defectives.
However, subsequent studies of the findings of the Farns rth lantern reliability and validity data in-
dicate that it does in fact pass the very mild color vision defectives and in fact fails the more severe
color defectives. In addition to the Farnsworth lantern, however, there has to be one other final type
of test used to determine whether or not an airplane pilot can in fact fly successfully and safely.
Those ho fail our isochromatic plate tests and are marginal on the Farnswrrth Lantern often happen to
be aviators that have slipped by previous exam and therefore are students whom we already have initial
training investments or aviators who have been flying for some time prior to detection. In these cases,
we have elected to perform an in-flight evaluation of the aviators color vision.
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These tests consist of in-flight tests to determine the candidates ability to read flight instru-

.ents (i.e., "in the green"), properly identify navigation light colors and direction of flight of
other night traffic, and correctly identify (no errors) a randoma presentation of srmke grenades and
control tower signal lights at a distance of one mile during VFR conditions.

Table I

COLOR DEF1CFIVES

Age Total Flight Hours Total Accidents Serious Accide ts Minor Accidents *FL/PL

45 6220 0 0 0 0
45 4910 2 0 2 0

40 2000 (in 1965) 4 1 0 3

42 2680 0 0 0 0

34 4100 7 0 S 2

38 4112 0 0 0 0

36 2460 2 0 2 0

32 3220 3 0 0 3

32 1620 4 0 0 4

30 1320 (in 1967) 0 0 0 0
30 1230 0 0 0 0

29 2940 1 1 0 0

27 2040 0 0 0 0

25 2710 2 1 0 1

Totals:

485 41S62 25 3 9 13

Means:

34.64 2968.71 1.79 .14 .64 .93

*Forced Landings/Precautionary Landings

Table I!

COLOR NOVELS

Age Total Flight Iburs Total Accidents Serious Accidents Minor Accidents *FL/PL

47 6630 1 0 0 1

49 4930 0 0 0 0

40 1770 1 0 0 1

42 2610 3 1 2 0

37 4370 3 1 0 2

37 3990 2 0 1 1

35 :440 2 1 0 1

3S 3190 2 1 0 1

29 171. 3 0 2 1

30 1330 4 2 2 0

31 1400 2 2 0 0

36 3000 0 0 0 0

31 2100 1 1 0 0

33 2720 0 0 0 0

Totals:

S12 42190 24 9 7 9

Means:

36.S7 3013.S7 1.71 .64 .SO .64

*Iorced Landings/Precautionary Landigs
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DISCUSSION

PERDRIE Je crois effectivement que le sujet de l'orateur est excellent.
Dans les cas douteux il est certain que seules les preuves en vol
nous apportaient une rponse d4finitive sur l'aptitude des navigants.
Je voudrais demander & l'orateur combien de fois par an par example il
utilise ce procdd4? 11 est certain que c'est une demande que doivent
f'zire les mddecins de l,4tat-major pour disposer d'un avion, d'un
4qdipage et des possibilit~s dlexamen avec des feux colords, si elles
ne ginent pas certaines infrastructures. Alors, est-ce qua la
fr4quence est suffisamment grande justement pour motiver une demande
offIcielle d'utilisation de cat e mdthode dans les cas douteux?

BAILEY Yes, we do have aircraft available; in fact my laboratory has three.
We have a JU I H helicopter, a single engine fixed wing Beaver and a
two engine fixed wing C-45. I would say that our testsaverage probably
no more than four a year, roughly one every three months.

TREDICI We use the AOC and the Dvorine plates because of a supply rather than
a scientific problem. They both have the same stock number and when
we order one what we receive depends on what was on the shelf. I agree
with you that the Farnswoxth lantern is probably better than our CTT;
it is simpler, and it does not have all the potential anomalies found
with the Vernon. However, it would be very expensive to change lanterns
in all our Flight Surgeons' offices throughout the world to this lantern
which, I think, is rather overpriced. That is why we have not made a
change at this point. I think we have some advantages with the CTT and
it does give the degree of anomaly if you take the necessary time.

BAILEY The Farnsworth lantern costs about 670 dollars per copy and it has just
a simple light bulb in the middle. I cannot understand why it is such
a terribly expensive device.

CULVER Do you think it might be possible that a simple and a less expensive
lantern could be developed. It could perhaps be modelled after the
Farnsworth lantern and include the aspects that we have heard in some
of the other papers at this meeting. We could than look to this as a
standard among the various services for a final test?

BAILEY My answer is yes; I believe it could and I do not think we could ever
get a simpler device than the Farnsworth lantern which is of a simple
design and has the instructions written on the side; it is almost
foolproof but it is not diagnostic. It could perhaps be married with
yours so that it became of more diagnostic value. It might be worth
investigating so that we could see if we could develop for less than,
say $100, a lantern that was equally effective.

KURSCHNER Have you examined the 4.5% abnormal trichromates whom you mentioned in
your paper, on the anomaloscope? If so, how did they behave in respect
to abnormally increased colour contrast and variations o2 the adjust-
ment range?

BAILEY Yes, we examined all of them prior to tristimulus colorimetric
evaluation for colour mixture.

The use of the Nagel anomaloscope was as follows:

1. Pure red was presented in 1/2 the visual field and the subject
requested to match it in colour and brightness.

2. Pure green was presented in the same manner. Brightness and
colour naming were used foe diagnosis.

3. The match, if achieved in I or 2 above, establishes dichromacy.
If a match Ls not made then a match of red with green against the
yellow is made to establish the diagnosis of the type of anomaly,
e.g. protanomalous, deuteranomalous. The range of red-green
match was revised, but only for difficult diagnostic cases. In
these cases large ranges of red-green were considered anomalous,
e.g. a range of greater than 10 RIG units. Subjects were
considered anomalous trichromates unless tri-stimulus colorimetric
data luminosity curve data proved them to be normal. I do not
recall any subjects presenting with abnormal colour vision who
were reclassified as normal by subsequent colorimetrJc evaluation.
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PREDICTING VISUAL PERFOF4ANCE IN AVIATORS
(COLOR VISION)

BUDD APPLETON, MD
COL, U.S. ARMY
WALTER REED ARMY MEDICAL CENTER
WASHINGTON, DC 20012

Before discussing the role of color vision tests as predictive indicators of flying task performance we
should review briefly the whole concept of physical standards in the selection of personnel.

After assuring ourselves that their histories do not reveal any illness which might leave residual dis-
ability or recur again, we examine all our applicants very thoroughly, noting their height, weight, body
build, cardio-respiratory status and other inricators of their general physical condition. We then require
that they perform certain tasks involving sensory acuity of various types, and we even make a superficial
attempt to estimate the level of their intelligence and conformity to what we think of as psychological
norms. When selecting personnel for certain types of occupations we go even farther and conduct examina-
tions which measure muscular strength and physical coordination. We then designate certain minimum
acceptable scores on all these measurements and call them "physical standards".

Our assumption is that, all other things being equal, the aggregate scores which candidates achieve on
these examinations are a reliable predictive correlate of their ability to perform the job for which they
are being considered. For instance, we assume that an individual who has a minimum retinal perceptible
separation of one minute (1') of arc (20/20 or 6/6 visual acuity) can "see better" than one who has a
minim'im separable angle of two minutes (2') or arc (20/40 or 6/12 visual acuity) and will therefore in
the cockpit of an aircraft perform better those visual tasks involved in flying.

Our next step in logic is to assume that if we have more applicants than we have jobs, then we can maximize
the likelihood of competent performance by applying our physical standards in such a way that a reasonable
number of applicants will be designated "acceptable", while the rest will be rejected. This is a very
rational hypothesis, and while we have never tested it in a properly controlled experimental fashion, it
is an accepted and time-honored method of personnel selection. When the demand for personnel has been
urgent it has been a simple thing to lower the standards, and then raise them again when the emergency
has passed. It has been a workable, practical, flt ible system; and there are no immediate plans to re-
place or abandon it.

The system itself is not without its inherent faults, however. For instance, when we come to the subject
of aviation physical standards for color-vision, we find that there is not universal agreement, even
among color-vision experts, as to what is the best color-vision test; and we even have some difficulty in
agreeing on what is a good one.

For example, our Air Force uses primarily the 15-plate (including I demonstration plate) pseudo-
isochromatic plates, but candidates who fail are further tested on the Color Threshhold Tester (CTT),
and if they achieve a score of 50 correct out of 64 tries they are considered as having adequate color
vision. Our Navy, on the other hand, will allow a passing score on any of the available sets of pseudo-
isochromatic plates; and if all of these are failed, a passing score on the Farnsworth Lantern (FALANT)
test will pass the candidate. We in the Army have required that for Class I standards the candidate must
pass one of the sets of pseudo-isochromatic tests, but for Class II the Farnsworth Lantern or Color
Threshhold Test will also suffice.

Other tests which have been proposed for general use, and which are sometimes used when available, are the
Ishihara Color plates, the Dvorine Color plates, the colored-yarn test, the Farnsworth 15-hue test, the
Farnsworth 100-hue test, and the anomaloscope. However, we have no physical standards for their results;
so their results contribute little in any one case. The performance score of an individual on any one of
these tests may not be consistent with his score on others, either because of the nature of his color-
sense defect, because of the complexity of the psychophysical tasks involved in tne particular test, or
because the tests may not be measuring the same thing in all cases. Thus we have a situation in which
some individuals will pass any such t~st, some individuals will fail all such tests, and a few individuals
who will pass one or more but fail the rest.

Here is another potential fault which we must accept. I mentioned before that in selecting personnel on
the basis of physical standards we assume that "all other things are equal". This category of "all other
things" includes motivation, mental stability, specific aptitudes and the numerous other factors which we
know influence job performance but which we do not have the time or ability to measure accurately or
easily in large populations. When dealing with a population the size of the military-eligible segment of
a country of 200,000,000 people, this is an assumption we feel safe in making. Although there may be a
certain amount of wasted effort involved in waiting until later to eliminate those whose actual perfor-
mance we find to be unacceptable, either during their training or even after they are trained, we believe
that much more effort would be wasted in applying standards based on attempts to measure these factors
(motivation, mental aptitude, etc.), since such measurements would be extremely time-consuming,relatively
inaccurate, and not very easily adaptable to numerical scoring.

It is apparent, then, that if we use a single test for initial applicants, per.onnel in whom we have in-
vested relatively little in the form of education and training; then having a single, relatively rigid
standard is a simple and quick way to help get on with the selection of personnel whom we will subsequently
educate and train. But there are some individuals who are already trained in aviation, and still other
individuals who are already trained in one area but whose value will be further enhanced by training them
in aviation as well; and to apply a single criterion for color-vision to these people, especially since
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we admit that there is probably no single good criterion to apply, may not be appropriate. Therefore,
when personnel in these categories do not achieve passing scores on our routine color-vision tests, our
approach to them has not been quite so dogmatic or rigid. We have taken the approach that as long as
this group Is small enough we can spend the time it requires to apply to them an appropriate experimental
model of color-vision tasks in flying, observe their performance of these experimental tasks well enough
to score them in a meaningful fashion; and even further, make an intelligent recommendation about their
future training or use based on this sccre. We believe we can make a good experimental model of the
color-vision tasks involved in flying. Accordingly, we have designed as part of our Aeromedical In-
flight Evaluation Program, a battery of color-vision tests which consists of the following:

1. Identify the color of signal-lights (Aldis Lantern, or "Biscuit Gun,") directed at the aircraft from
the tower, using the colors red, white and green. This test Is performed under both day and night flying
conditions, Including a sunrise or sunset condition with the rays of the sun providing significant inter-
ference at certain angles.

2. Identify the color of smoke from signal grenades thrown on the ground, using the colors red, white,
green, yellow, red, and violet, with the candidate flying his aircraft at an altitude of approximately
500 feet.

3. Identify color-cod-d lights on run-ways (white), taxi-ways (blue) approach ends (green), and de-
parture ends (red).

4. Identify the colors of the beacons at airfields for fixed-wing (green/white) and rotary wing (white/
white) aircraft.

5. Identify the colors of lights on other aircraft as to right wing-tip (red), left wlrg-tip (green), and
tail (white); so as to be able to deduce their direction of flight.

The performance of the candidate on these tests is scored against the performance of personnel whose color-
vision is presumed to be normal. If they perform In a normal fashion, regardless of their scores on the
conventional color-vision tests, they are allowed to fly unrestricted. If their color-vision is abnormal
by these criteria, then they are restricted to flying with a co-pi it whose color-vision is normal or not
allowed to fly at all, depending on the military requirement for them to fly in the first place.

Our recorded experience with this battery of tests as part of an aeroedical In-flight evaluation goes
back only about three years. Before that time we did not officially recognize exceptions to failures of
the clinical tests and extended no waivers of flying restrictions based upon such failures. Since then,
however, we have had occasion to require performance of the complete battery on 12 aviators. Our
experience is recorded chronologically below:

Pt(candidate) Date of Evaluation Clinical test scores Performance Disposition

1. DBL(ILT) Jan 69 14 AOC-pass 4/14(f) Smoke-lO0% Waiver
LTT-pass 54/64(p) Llghts-lO0%
Yarn-43/43(p)

2. HLG(CW/2) Jun 69 14 AOC-"fail" Smoke-100% Waiver
FALANT-"faII" Lights-lO0%
CTT-"fail"

3. RAB(CPT) Sep 69 14 AOC-pass 8/14(f) Smoke-lO0% Waiver
CTT-45/64(f) Lights-lO0%

4. GRA(CPT) Sep 69 14 AOC-pass 10/14(f) Smoke-missed No Waiver
green Disqualified

Liqhts-missed
green

5. SMB(CW/2) Jun 70 14 AOC-pass 8/14(f) Lights-100% Waiver
Dvorlne-pass 9/14(f) Smoke-100%

6. JKM(CPT) Nov 70 14 AuC.pass 8/14(f) Smoke-lO% Waiver
FALAAT pass 7/9(f) Lights-lO0%
CTT-48/64(f)

7. BJF(CW/4) Jan 71 14 AOC-pass 3/14(f) Smoke-1O0% Waiver
Dvorine-pass 9/14(f) Lights-100%
CTT-pass 47/64(f)

8. WLM(CPT) Mar 71 14 AOC-pass 5/14(f) Smoke-t00% Waiver
FALANT-pass 6/9(f) Lights-1O0%

9. JDP(CPT) Mar 71 14 AOC-pass 7/14(f) Smoke-100% Waiver
Lights-lO0%

10. TWT(CW/2) Jul 71 14 AOC-pass 8/14(f) Smoke-lO0% Waiver
FALANT-pass 5/9(f) Lights-lO0%
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11. WJL(CPT) Jul 71 14 AOC-pass 8/14(f) Smoke-100% Waiver
FALANT-"fail" Lights-lO0%

12. JCN(AJ) Oct 71 14 AOC-pass 9/14(f) Smoke-lO0% Waiver
FALANT-"pass" Lights-100%

In so snail a group it is most difficult to determine, based on accident rates, whether the perfornce
of flying duties has been in any way degraded by any existing defects in color-vision. Certainly we
do not have enough retrospective information to even obtain a hint of the answer to that question; and
a prospective study to obtain that information, at least within any reliable statistical limits, will
probably take several decades to carry out. Of course, we do keep records on these personnel, hoping to
detect even the slightest difference in accident rates between them and their peers; but meanwhile we
believe we have taken, on the basis of logic and rationale alone, the best approach to selecting those
individuals whose color-vision will allow them to perform flying tasks involving color-dependent decisions
and restricting or eliminating those who truly are defective from a practical point of view.
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DISCUSSION

TREDICI Really what you said is that your "real world" tests are more
lenient than the laboratory tests because you reversed I out of 12.
I think that what you need is a test in the clinical laboratory that
you can equate to real life thus bringing the "real world" into the
laboratory without the need to go flying to obtain it. We have a
colour threshold tester and I am going to look into it more closely
because this aspect had been thought of in its design. However we
have left it gathering dust for so long that I do not think we are
utilizing it to the best possible advantage. This device has a
capability of presenting "real world" situations by the use of
various gradings. It uses an aviation signal light type of filtration,
as does the Farnsworth, but it is not as critical. However, the major
problem is how to equate the "real world" and the laboratory; just how
low or high high on a scale must people go so as to equate with the
"real world". The "real world" would, for example, be the "biscuit
gun", am I correct?

APPLETON The factors would include, among others, the'biscuit gur'l runway
lights, the effects of fog dnd smoke.

TREDICI Therefore you would have to equate the entire set of factors to
something more simple in the laboratory.

APPLETON ling Commander Brennan has already referred to this, particularly
when he talked about the quality of the colour, and the standards to
which lights are going to confirm o- the ground; we need to make our
tests conform to those numbers in quality, saturation, wave lengths
and the other ICAO requirements. This gives us something to aim for.
If the colour threshold tester meets those criteria and matches the
ICAO-standards closely enough the next problem is how readily
available and how costly will the colour threshold tester be? The
best tests, if one is going to say that the plates are not the best
tests as many have said here today, are also the most expensive tests,
and we must determine in which way we are to go. This question is
still not resolved.

CTIEVALERAUD Je suis 6tonn4 que, jusqu'A maintenant, nous parlions toujours de la
vision des couleurs sous des conditions normales. Or, un navigant ne
se trouve jamais sous des conditions normales. Ii est fatigu4, il a
4t4 soumis A une anoxdmie relative, il est soumis en permanence A la
vibration, il est soumis a des bruits, A des sons et A des infra-sons.
Or, la vision chromatique chez un sujet normal est perturbde par bus
ces facteurs d'agression extdrieure en navigant et nous savons 4gale-
ment que tout sujet, porteur d'une anomalie du sens chromatique, va
connaltre une d~croissance de la sensibilit4 chromatique encore plus
important qu'un sujet normal.

Je voudrais demander au Colonel Bailey et au Colonel Appleton, si les
tests qu'lils proposent en vol, sont des test pour lesquels ils
previennent, si vous voulez, les sujets qui devront y 6tre soumis,
est-ce que ces sujets savent qu'lils ont tel jour, telle heure, tel
test A faire, est-ce qu'on les met vraiment dans les plus mauvaises
conditions o& ils risquent un jour de se trouver. Si vous r4pondez
favorab3'ment: dans les plus mauvaises conditions, je pense, qu'alors
on continuera de les laisser voler. Mais dans d'autres cas je ne vois
pas pourquoi on continuerait de les laisser voler.

APPLETON That is a very good question and I like to share the answer with
Colonel Bailey. I would say that this raises other questions. Is our
test stressful enougn and if not, are we creating an ddequate labora-
tory model or an experimental modLl of stress. What is the general
stress surrounding our tests? I think they are fairly stressful.
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BAILEY In the first place our subjects were never told that they were going
to get a flight test. They were merely told to report to the labora-
tory and then they were taken straight out to the aircraft which was
soon airborne. The only requirement is that the test is given in day-
time because the daytime requirements for identificat on are much more
severe than they are at night, because of contrast. All that we
required were the weather minima to get up and get down. The flight
plan was visual and as long as V.R conditions prevail, we go. Some-
times the flight is rough, sometimes nice, sometimes in the morning,
sometimes in the afternoon, without any prearrangement. It may oe
done, for example, when the s,'bject has already flown 8, 12, or 2 hours,
or possibly has been on leave for 2 weeks.

The other point that I would like to make is that I think the
Farnsworth lantern, because of its design, represents an ideal tes
because what we are looking at is a real test of the visual mechanism
in relation to its operational rolj, rather than a test that has TCAO
red or some other colour. So long as it does the job of identification
of the visual system function I am not perturbed about the brand of
the filters. The important thing is the end result which is, I
believe, well established with the Farnsworth lantern and also wth
the Air Force lantern.

APPLETON A point that has just come back to me is that Professor Chevaleraud
stated that a stress in the aviator aggravates his colour deficiency.
if he has one. I would like to ask if this is true or whether a
colour deficiency is just as deficient in an unstressed as in a stressed
individual. Will stress aggravate the decrement in his performance
which is caused by a colour deficiency? I do not know of any data to
support the contention that a colour deficient individual has an anomaly
which is aggravated by stress.

PERDRIEL Je pense effectivement que certains "stress" peuvent intervenir pour

diminuer la capacit4 chromatique des aviateurs et notamment les bruits.
Avec le MWdecin Gdndral Grognot nous avons put ddmontrer que l'audition,
pendant 5 minutes, d'un bruit de 105 A 110 ddcibels, entrainait un
r4trdcissement du champ visuel pour le rouge, une diminution de la
rapidit6 de la perception du relief avec de plus une r6duction de la
capacit6 visuelle nocturne.

BAILEY I would just like to say that apparently we have been doing this
testing correctly because we do not have an aircraft in the US Army
that has a noise level of less than 110 dB.

BRENNAN I would like to make the point to Colonel Bailey that we chose ICAO
regulations because these are the standards to which all aviation
signal lights must conform. It is thus not a matter of a particular
manufacturer's glass. All aviation signal lights throughout the world
must conform to these regulations if civil aircraft are to une the
airfields. I would like to know now many centres you have in tat
United States for testing aircrews? I appreciate the cost aspect oi
the Farnsworth lantern but your testing could be done in major centres.
It would also be more reliable to have an ophtalmologist performing the
testing rather than a technician.

APPLETON We do not have centres for initial entry into the system, insteJ there

are many points of entry. Candidates eventually get their t;alning at
either one of two centres, but by that time there is a considerable
investment in them. What we need is a tes which is inexpensive,
readily available, easy to apply co "rectly and hard to apply incorrectly.
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EICOPTM- ?LYING AND COL4UR VISON

by 3iaj I C Perry R&C

Dept of Aviation Uedicize HQ Army Aviation
Middle Wallop, lants

Colcur vision and flying have ae&IZ4 gier. rise to some problem areas,
especially where some Individuals are colour defective. When these
problems are encountered in low level helicopter flying, under poor
light and in featurelaas terrain difficulties arise where colours have
to be used for information presentation and to isolate certain items
of information. Instru-.ant lighting, map colours and markings can
all bac oe proble areas when the -operators colour vision is abnormal.
Differences are found in methods of coloar vision testing. The use
of coloured =mokes against vasr-ing backgrounds can lead to mistaket,
as can wiring diagrams and wire markings. Research is necessary in
this oprational environment to enable colour abnormale to work
safeL-.

This paper was requested to be given at this particular neeting,
as one which might be of interest and value.

It is very difficult to 1Orp black and white about a subject on
which little is really known fro an operational point of view. The
comments made in the paper can be interpreted across the whole field
of flying, although being discussed primarily for th, helicopter user.

The illustration of such a paper is "rery difficult, because it
ca-not be known if all the audience are colour normals. If as
euspeoted this is not the case, then the problems outlined nay be
better understood by the colour abnorm-als. A colour normal is
understood as one who can read without mistake all of the ISHIBARA
plates. How can a colour normal fully understand and appreciate the
problens of the colour abnormal? Illustrations made by using colour
filters do not really help. The technical problems involved in
producing pictures with various colour, toned down, removed, or tinted
out are very difficult.

From a descriptive point of view, the use of colour must be
limited, for not all colours are appear the sane tc all people. Oniy
the mest basic colours should be used, all shades of reds and greens,
should be avoided. The colour range of the helico.ter user oust
involve all colours with more emphasis on the red/brown/green part of
that range in a terrain operation. This is just the colour area where
the majority of defectives are found. The woods, mountains and
plainlands of H. Dirope have all shades of these particular colours,
'Why must the helicopter pflot be able to distinguish colour in this
type of terrain? To direct missile or gun fire, relaying terrain
description back to base did in the airborne command post role.

If there are no prominent objects to relate to, then the observer
may be forced to use colour. Colour does, however, change, both with
light intensity and saturation. Mist and other snokes can affect such
factors. Shadows can produce a marked colour difference, and someone
with a colour defect could wrongly describe objects or even miss targets
under these cjnditions. Under shadow conditions, colours can be
mistaken for shadows and this can be illustrated.

L. ...,. -,, .r- ! -"I jI' - --' ' -
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The problea is made ene.ally worse under low light conditions
for all users. The helicopter pilot cannot have a cockpit bathed in
white light. Apart from making him a good target, he cannot use this
night vision for outaide reference, landing, night description for
ground troops etc. He xunt then usa red light. This has been argued
about for a long tine. Under red light cornitions, maps using red,
to mark danger areas, roads, boundaries etc can become ccnfusing.
Instruents can be nisread if they are not designed with the correct
coloured illuminent, for the ears reasons. Much work needs to be
done in this field, for someone with a colour vision defect may
compound existing problems. This applies to colour normals as well,
in operational areas not well known to the pilot.

If colour is the zain source of information to the pilot, what
is he to do. Smoke mrkers in featureless terrain ust be very colour
contrasting, orange against green stc. It can easily be illustrated,
that what is initially a contrasting yellow smoke against a brown
background, very soon, in a matter of 5 to 10 seconds, mixes and blends
with the background. When smoke is used in snow corditions as a marker
and for windi direction the colour may not be of any relevance, but for
landing sites of the colour range already mentioned, the smoke must be
very different when viewed aginst its background even after 10-30
seconds. Desturation by other smokes, dust and mist must also be
considered.

Camouflage must work for everyone, end colours are of interest in
this field of use and can present problems. The use of mixed colours
and broken lines avoids some of the problems. A colorr defective person
may be very useful in some conditions detecting camouflaged vehicles
where colour is the main feature, especially when it does not match
completely, the background for which it was intended.

Some clinicians know a great deal about colour defectives, but
this is not the case in the low level tactical military situation,
where little is known and understood of the problems of these people.

A few cases may be of interest. There are probably quite a few
pilots who get through the screening processes, by knowing their problem
end being able to get round it. They are however at risk in certain
environments when the full colour range is required. One such pilot who
somehow got through the screening system, was found out because he could
not see the red lines or maps, especially under poor light conditions,
This is of course dangerous, especially on a moving map display where
the pilot may be unfamiliar with the crea into which he is flying.
Roads, danger areas and boundaries may be marked as red lines.

Chinagr~ph markings on maps and overlays may also be missed. A
wary colour pen on a plastic shiry surface can be difficult enough to
see normally, so it can be understood how a colour abnormal might
t
4
aa it altogether. This is relevant in the air when maps are being

marked with positione etc as an updating process, as the situation
moves along in tine.

The outside reference problem s not so difficvlt if the objects
to be referred to stand out against the background. Providing this
faalor is always remembered, then the problem is not so serious.
This applies to aircraft markings ground panels, dangor points, "do
not touch" and "avoid" markers. It is not always the colour that
matters, but the contrast with the background, its relevant size and
above all airorew education. This applies to letters, figures and
all manner of markings and colours should be avoided where possible.
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Groundcrew are as important as aircrew in this respect. In a
relatively small operating force, the outstanding cases are remembered.
A helicopter engineer was on a long ongineering course. He had to
date been primarily concerned with airframes 'and engines, but the
course required him to learn electronics. He was referred as he was
mmable to read "Wiring flo diagrams in servicing schedules". These
were in colours, a variety of pastel shades. He also was found to
have difficulty in sorting out the real wires in wirin3 compartments,
due to their colour markings. On exam'.nation he was feund to have a
severe degree of red/green colour blindness, and he had to leave the
Service. Within a month an identical case was presented with the
same result.

In conclusion here ar, -3=o- suggested.solutions.

Colours should be avoided in describing terrain, but one must
remember that this can be very difficult under poor light in
featureless areas. Markers, indicators, lights etc., should always
be used against vividly contrasting backgrounds and the users
properly educated. Miaps and their markings should be studied with
a view to preventing colour mistakes occurring. Diagrams of wiring,
the wires themselves, servicing schedules and all manner of charts
and diagrams should be studial to ensure that people with colour
vision problems will not make mistakes using them.

It must be further concluded from these few, examples, there are
many more, that where colour is used t; highlight certain areas of
information presentation, and in some cases isolate that information,
only colour normale should be selected for those tasks.

If this Is to be -the case, then in order to select these colour
normals, a more reliable test method is required, for many get
selected wrongly now, due to poor application of the existing test
methods.

Referencess

1. NATO (AGARD) Nomenclature of Colour. I.C. PERY 1972
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DISCUSSION

KURSCHNER I have two questions:

1) You mentioned a pilot who could not recognize the lines on his
map. With what colour disturbance was he afflicted?

2) What was the colour deficiency of the helicopter mechanic who

could not read the connection diagram?

PERRY 1) He had an element of red/colour blindness.

2) He was almost totally green blind.

I would like to emphasize a point in dealing with terrain description
which is that a pilot reporting to ground should avoid, if possible,
using colour descriptions unless we can find the hypothetical colour
vision analyser which will ensure that all personnel have the same
quality of colour vision and thus identify all colours in the same way.
It is not, however, practicable to go to black and white, solely, as
there are situations in which nothing else but colours can be used.
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COLOR VISION REQUIREMENTS FOR AIR CREW PERSONNEL
OF THE FUTURE*

Walter F. Grether, PhD
Aerospace Medical Research Laboratory

Aerospace Medical Division
Air Force Systems Command

Wright-Patterson AFB, Ohio, 45433, USA

Color has unique value as a means of coding visually presented
Information. This has been shown by experimental evaluations of
alternate coding methods, such as pattern, size, intensity and flash
rate. A reduction in color vision selection standards for flight per-
sonnel, such as the pilot, would require the replacement of color
with other and potentially less efficient visual coding methods. Such
a change would restrict the visual display choices available to the
designers of future Information presentation equipment, both airborne
and ground. An examination of past trends and current equipment de-
velopment indicates that the use of color for coding information used
by flight personnel will probably be increasing rather than decreasing
in the future.

INTRODUCTION

Since the early days of aviation, normal, or near normal, color vision has been a requirement for pilots
and some other crew members. Similarly it has been customary to require railroad engineers and certain marl-
time personnel to be able to pass some type of color vision test. Although color vision Is useful for general
visual activities, such as finding military targets, its primary value is for reception of color-coded information.
Other papers on this program will, I assume, discuss the types of information transmitted to the pilot by
means of color coding. My purpose in this paper is to show that color has unique value for such coding of
important Information, and that other possible coding methods are much less satisfactory. Also, the poten-
tial uses of color-coded Information displayed to air crew members appear to be Increasing. If the current
requirements for air crew color vision were deleted, or substantially reduced, there would need to be a con-
current program to replace current color coded information displays with other less satisfactory display methods.
Also, designers of future aviation Information display systems would be denied the use of an important sen-
sory channel that is optimum for many display purposes.

EVALUATION OF COLOR FOR CODING OF INFORMATION

Visually presented information can be coded in a variety of ways not involving the use of color. Alter-
nate methods most commonly used In aviation are numerals and letters (alphanumerics), geometric or pictor-
ial shapes, and flash patterns. A comparison among these and still other coding methods for display of
Information was made by Grether and Baker (1). Their overall comparison of different coding methods is sum-
marized in Table 1. There is good reason why color is placed at the top of the list in this table. For coding
of qualitative information into a limited number of categories, color Is superior to any other available method
of presentation.

The unique value of color for coding results from several properties:

(1) Up to 10 different colors (code steps, in Table 1) can be identified on an absolute basis. The num-
ber is much lower for other visual parameters, such as area, length, or brightness.

(2) Identification of the code is faster for colors than for other competitive coding methods. Coding by
flash sequence or rate Is very slow by comparison, since some time must elapse for transmission of the code.

(3) Unlike all other means except intensity and flash sequence or rate, colors can be presented as point

sources, thus occupying minimal display space.

(4) The physical means of producing color are often much simpler than for other coding methods.

The research reported In this paper was conducted by personnel of the Aerospace Medical Research Labor-
atory, Aerospace Medical Division, Air Force Systems Command, Wright-Patterson Air Force Base, Ohio.
This paper has been identified by Aerospace Medical Research Laboratory as AARL-TR-71-116. Further
reproduction is authorized to satisfy needs of the U. S. Government.
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COMPARISON OF COLOR AND SHAPE CODING

From the comparison of different visual coding methods it appears that for general purposes, there is only
one other visual parameter which compares at all favorably with color. This is visual pattern in the form of
numerals or letters, geometric patterns, or pictorial shapes. Such pattern codes are widely used, and for
some purposes have advantages over color, as shown in Table 1. If the number of categories is very large,
or if quantitative information must be transmitted, numerals and letters, and pictorial shapes are superior.

On the other hand, for coding of qualitative Information into 10 or less categories, color coding is clear-
ly superior, and this has been amply demonstrated in expprinental studies by Ericksen (2), Green and Ander-
son (3), Hitt (4), Christner and Ray (5), Smith at al. (6,7,8,9) and Brooks (10). Some samples of the experi-
mental data will indicate the degree of superiority of color over pattern coding. The first sample is from a
study by Smith (6) in which subjects were required to search a field containing three-digit numbers, appear-
ing in five different colors (red, green, blue, orange and white). The subject's task was to search for a
specific number. Fig. I shows the time taken to find the target number when the color was known by the
subject, a-d when it was unknown. For this task the use of color to code the targets into five categories
greatly reduced the required search time. When the target color was known the subjects searched through
the 100 targets in about the time otherwise required for 20 targets. It appears that the subjects were able
to ignore all other colors, and searched only the 20 targets of the same color.

In a study by Smith and Thomas (7), the targets consisted of different shapes. There were five geometric
forms, five military symbols, or five aircraft shapes. 'hese were presented in five different colors - green,
blue, white, red and yellow. Each test array consisted of 20, 60, or 100 such shapes. On some trials the
subject's task was to count the number of targets of a certain shape in the total array. On other trials he
counted the number of t-irgets of a specified color. Fig. 2 shows the average time required to count the tar-
gets classified in different ways. Counting targets of a certain color was much faster than counting targets
of a certain shape. Fig. 3 shows data from the same study for the percent of trials on which counting errors
were made, and these were riuch lower for the count based on color by comparison with the three shape
classes.

Aside from the experimental evidence that color coding gives faster and more accurate responses, pat-
tern or shape coding is unsuitable for many applications because of surface area required for a pattern to be
identifiable. One of the common uses of color is for long distance signalling. Navigation lights on aircraft
and ships are examples'of such use of color. Here the colored light is little more than a point source as
seat, by the observer. To accomplish the same signalling purpose by use of patterns would require pro-
hibitively large displays.

FUTURE REQUIREMENTS FOR COLOR CODING

Looking to the future, there are indications that requirements for color coding of information used by air
crew members will increase rather than decline. Over the past two decades there has been a general increase
in the total amount of visual information provided to the pilot and other air crew members. Along with this
has been increased use of color coding on cockpit displays, to aid the user in separating out the desired
information. During the same period new ground lighting systems have come into use for providing runway
approach and landing guidance. Some of these ground systems uc,' color-coded lights.

It is quite likely that these trends toward increasing use of color will continue, particularly when we con-
sider some of the newer display techniques that will probably be found in future cockpits. One such tech-
nique is electroluminescent lighting, which consists of flat plates that become luminous when activated
electrically. The luminance level is proportional to the electrical voltage. A wide choice of colors is pos-
sible. the color being controlled in the original manufacture of the plate. It is not possible to control the
color of t e electroluminescent plate by means of the electrical signals fed to it. However, a plate can be
divided into small areas, each of a different color. The choice of color then can be made electrically by
choosing the area that is to be activated.

Electrolui-inescent lighting has many desirable characteristics for lighting instruments, control panels,
warning panes, and other cockpit display systems. Mitch of its value comes from the variety of colors that
can be presened to convey different types of coded information. Electroluminescent lighting was used in
the crew compartments of the Apollo space vehicles, and will surely be used in crew stations of most future
military aircraft.

Another disph y technique that appears to be destined for increasing use is what is usually referred to
as a "heads-up ditplay." This display is a further development of the well known reflecting gun sight which
projects a reticle End aim point onto the windshield or other transparent surface in the pilot's forward line
of sight. The mark ngs on this display aic focussed at infinity, and appear superimposed over the sky or
terrain seen through the windshield. Commonly presented on a heads-up display are aircraft attitude, ali-
speed and other fligIt data useful to a pilot while he is looking outside, as in an approach to a landing.
In such a display it I" most helpful to have markings appear in different colors to identify their meaning to
the pilot.
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Still another class of colored displays that may be found In future cockpits are multicolored cathode ray
tubes. These could be color television tubes, storage tubes, or other types of tubes capable of presenting
a variety of colors. On such displays color would be quite useful for identifying different classes of infor-
mation for the observer.

SUMMARY AND CONCLUSIONS

Color vision is an important sensory channel through which pilots and other air crew members receive
visually presented information. Principally, this is qualitative information coded into a small number of
categories. For presenting this type of information color coding has unique value. There are no other
visual coding dimensions, such as pattern or flash rate, which can match color coding in terms of speed
and accuracy of response, number of Identifiable categories, simplicity, and compactness of the display.
A reduction or elimination of color vision selection standards would require thdt many current color-coded
displays be replaced, using less efficient coding techniques.

A look towards the future suggests that the use of color-coded displays will increase rather than diminish.
New display techniques coming Into use, particularly electroluminescent lighting and heads-up displays,
gain much of their value from color coding.

If color vision selection standards were reduced or eliminated, this would add only about 5% to the
available population of air crew candidates. But such an action would deny to the other 95% a unique and
unequaled channel for display of flight information.
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Table 1. Comparison of Coding Methcds, From Grether and Baker (1)

Number of Code Steps*
Code Maximua Recommended Evaluation

Color 11 3 Good Location time short. Little space required.
Lights Good for qualitative coding. Larger alpha-

bets can be achieved by combining saturation
and brightness with the color code. Ambient
illumination not c:itical factor.

Surfaces SO 9 Good Same as above except ambient ilumination
must be controlled. Has broa! application.

Shapes
Numerals g Location time longer than for color or plc-
Letters -Unlimited- torial shapes. Requires good resolution.

Useful for quantitative and qualitative cod-
ing. Certain symbols easily confused.

Geometric IS S Fair Hemory required to decode. Requires good
resolution.

Pictorial 30 10 Good Allows direct association for decoding. Re-
quires good resolution. Good for qualitative
coding only.

Magnitude
Area 6 3 Fair Requires large symbol space. Location time

good.

Length 6 3 Fair Interferes with other signals. Ambient il-
lumination must be controlled.

Brightness 4 2 Poor Requires large symbol space. Good for limited
applications.

Visual Number 6 4 Fair Requires large symbol space. Limited appli-
cation.

Frequency 4 2 Poor Distracting. Hlar merit when attention is
demanded.

Stereo-Depth 4 2 Poor Limits population of users. Highly limited

application difficult to instrument.

Irclination 24 12 Good Good for limited application. Recommended
for quantitative code only.

Compound Codes -Unlimited- Good Provides for large alphabets for complex
informption. Allows compounding of quali-
tative and quantitative codes.

The maximum number assumes a high training and use level of the code. Also a 52 error in decoding must
be expected. The recommended number assumes operational conditions and a need for high accuracy.
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DISCUSSION

TRSDICI I agree with all those points since I made many of them earlier but
I wonder if there are data to show how colour vision defectives
operate at close ranges, for example when using equipment. This is
a matter of feet (2 or 3 ft) versus what we have been talking about
today which is nearer infinity. At close ranges they can control
that envirohment in terms of saturation, brightness, etc. Do you
know of anyone who has tried some defectives in this environment?

GRETHER No, I do not recall any actual experiments on this. However, I was
also referring to lights on the ground and on other aircraft which
can be at quite a distance and which could be very small point
sources. As it stands now the number of colours used in cockpits
is usually rather small, approximately 4, often less. I think it is
quite understandable that a deuteranomalous individual could adequate-
ly discriminate among the limited numbers of colours we use in our
present coding and could work with this code. Protanopes and deuter-
anopes, as we heard this morning, would have great difficulties even
with the limited number of colours we now use.

WHITESIDE You were talking about the relationship of the coding compared to the
use of the colour itself. But there is one circumstance in which you
would probably agree that coding could be useful. I refer to the use
of an identification beacon which could be flashing to identify it
from another of the same colour which might be steady. Specifically,
I am thinking of the possibility which had been raised in the Inter-
national Committee of the Red Cross that ambulance aircraft, which are
protected by the Red Cross Convention, might exhibit a blue anti-
collision light instead of the conventional red light used on other
aircraft. It had also been suggested that the blue light be made to
occult irregularly, in groups of two for example, instead of flashing
regularly. This would also help to identify the light at distances at
which blue cannot be identified.

GRETHER That kind of a code is, I am sure, much more difficult for a person
to use than just a plain colour, particularly when you have a regular
flashing or defined flashing patterns or an irregular pattern of flash
to identify it as one of several. This would be very difficult and it
would take time to observe the flashes and work out the significance
of the code.

VOS I would like to point out that some of the speakers appear to me to
strongly disagree. Some say do not use colours, the others say use
more colour.

GRETHER Colour has real advantdges and can do things in coding that you cannot
do nearly so well in any other way. Therefore we need to preserve the
colour vision capability of our aircrew so that we can use most
efficiently this means of transmitting information to them.

HEYNEMANN A propos des exigences concernant la vision des couleurs des pilotes
des a4ronefs futurs il me semble qu'il faut poser deux probl~mes bien
distincts:

1) La perception des signaux lumineux color~s.

Avec l'augmentation croissante de ]a vitesse des a4ronefs, la
tendance est de demander une porte toujours plus grande pour
les feux de signalisation en vol; la tendance est donc de remplacer
les signaux color4s par des signaux blancs, les filtres color4s
quels qu'ils soient absorbant une quantit6 importante du flux
lumineux de la source. A condition que les feux de signalization
tras intenses soient mont4s sur les a4ronefs A des emplacements
choisis convenablement pour que le pilote ne soit pas gdn6 par
ses propres feux. Ces feux deviendront blancs dans un avenir
tr~s proche. Il n'est donc plus question de code de couleurs
pour ce genre de feux. Toutefois aux alentours des a6rodromes
et dans les zones de grand trafic a6rien est-il pensable de
supprimer le code de couleur des faux de navigation?

2) La perception des information color4es fournies au pilote par
des instruments de bord.

Au cours de vols de jour A grande altitude, le niveau de
luminance tr4s 61ev4 dans le poste de pilotage ne permet plus au
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pilote de lire les informations colordes autolumii.euses fournies
par ses instruments de bord, en particulier les informations
fournies par les 4crans de Radar, des collimateurs de pilotage
etc.

Comment ce probldme peut-il Atre r6solu? En augmentant la
luminance des informations? En obscurcissant la cabine?

Les Etats-Unis ont certainement trouv4 une solution a ce
problame au cours des nombreux vols dans l'espace qu'ils ont
effectuds au cours de ces derni~res anndes. Ont-ils conserv6 le
code de couleurs?

GRETHER Although colour filters do reduce the light intensity, and thus the
possible viewing distance, this effect is not very great for broad-
band red and green filters. Blue filters, on the other hand, cause
a considerable loss in intensity and viewing distance.

With regard to cockpit lighting, many aircraft, including those of
the USAF, use white instrument lighting, and there is apparently no
difficulty in providing enough luminance for even the high altitude
case. I am not familiar with the lighting in the Apollo space craft,
but I am confident that adequate lighting of the instruments was
provided.
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GENERAL DISCUSSION

CULVER I would like to ask participants to give some thought to the
problems of a screening test as wll as a definitive test for
colour vision, and to see it there is any possibilitv of an
agreement on standardisati(.n.

SIEGEL I am not involved with the il litary aspects of colour vision but I
feel you might be interested in some of the experiences we have had
in the Federal Aviation Administration. We require a 3rd class or
private pilot to be able to recognize aviation red, green, and white.
Our airline pilots have to have normal colour vision. We do have a
considerable number of airline pilots flying with defective colour
vision under the waiver clause and it is interesting that most of
these are former military pilots. We allow examiners to use any one
of the number of tests available, except the yarn test, but some of
our older examiners still use the yarn test because they do not wish
to buy the plates. le have 750,000 pilots and about 60,000 student
pilots a year. We do not see nearly the number of colour defectives
which we would expect to see if we apply the figure of 8%. If
candidates fail the plate test we authorize a Farnsworth Lantern test,
if one is available; if the lantern is not available or if they fail
it, we given them a flight test or a practical test. For private
pilots we merely take them to the end of the runway and the tower
controller flashes the signal lantern. If they successfully identify
the red, green and white we give them a waiver. If they fail in one
or all the tests we still in effect give them a waiver since we then
put on their certificate that it is not valid for night flying or
colour signal control. We know that there is no way of enforcing
this limitation and in any case we now have no airport controlled by
colour signal lights. I also cannot recall anyone who could not fly
a VASI approach even though he had defective colour vision. We have
looked at our accident records for the last 5 years and can find no
accidents directly attributable to defective colour vision. We are
rapidly coming around to the point of view that colour vision should
not be the subject of a clinical medical test but instead should be
an operational test.

BAILEY I would like to make a comment that does not deal with colour vision
but with the conspicuity of anti collision lights at long distances.
Research work which we carried out recently with high intensity xenon
flash lamps indicates that on helicopters and aircraft flying at low
altitudes a certain limit of brightness cannot be exceeded because the
tremendous back scatter which you get from the atmosphere, moisture,
and dust etc. at these lower levels wipes out the entire scene in
front of the cockpit. This limitation exists and is a problem.

PERDRIEL A cet 4gard, je pense qu'il serait int6ressant, pour mieux apprdcier
les diverses modalites d'examen du sens chromatique qui nous ont 4t
proposdes, de confronter nos proc4ds au cours d'une prochaine r4union
du Comitd de vision de IAGARD.

On pourrait alors rdunir 10 sujets atteints de dyschromatopsie
(examinds par les techniques les plus classiques) et les soumettre:

1) au test d'Ishihara et de Hardy-Rand-Rittler
2) aux difrzrentes lanternes (Farnsworth, Beyne etc.)

Nous pourrions ainsi d'une maniare prdcise 4tudier la valeur
relative des diff6rents proc~dds et juger ceux qui nous paraissent les
plus efficaces.

BRENNAN I agree that the thing to do is to screen people with the Ishihara
plates and then test them with the lantern. Obviously there are
different lanterns, opinions of them vary, and some people are
chauvinistic about their own lanterns. A study of the different
testing methods will be very interesting particularly if, as I
mentioned in my presentation, we simulate in the point source form
those signal lights which are likely to be seen.

TREDICI I would like to point out that we have effectively already started
on such a study since we have found deuteranopes who have already
been subjected to a real life world of flying 3,000, 4,000 or 5,000
hours. We could bring them back and put them through the more
artificial tests of determining their performance on the lantern and
so add more people to the study. . agree with what has been aid
about initial screening, except that I disagree with the use of H-R-R
plates. ,Ie have given them up and now use only the Ishihara because
we found that the H-R-R plates would only screen out 75% of the
abnormals. Thus anyone who passea the Ishihara plates could be
considered normal, or at least 98% of them, and you would have no
trouble with the 2%. What can we do with the others? We are using
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the CTT and because of my loyalty I will continue with it, but I
would not object to the Farnsworth Lantern because the United States
Navy have about 15 years of experience with the Farnsworth Lantern.
I would like to see if something can be done about either a retrospec-
tive study or an exchange of experiences. I think we will probably
have to offer a compromise rather like the one I mentioned this
morning, which is based on my clinical experience and what comes
across my desk from TAC fighter, MAC etc. I think we should seek
physiological perfection and cease arguing about how mild a defect
can be accepted in our fighter pilots. This is difficult to do
because one qets involved with personnel selection and the computers
and the "''" ' 'it from information that is fed back to me these
indiv3P' .is .--- '-ything they can get in the physiological realm
which includes visual acuity, colour vision and all the other
attributes. However, others who are flying MAC aircraft, transports,
and similar aircraft could very easily be placed in a second category
and thus we could still keep a large supply of pilots although without
being able to put them into the fighter category. This might cause
problems even amongst the pilots, but it is one of the ways I can see
out of this dilemna.

I have had only two experiences to match Dr. Perdriel. One of them
was the only pilot candidate I know who came and turned himself in for
colour vision defect. He had passed his medical examination, he just
slipped through, and had 60 hours flying. He did very well during the
day, but when he commenced night flying he just could not see lights.
He could not tell red from green and he could not fly formation. We
examined him and he was a protanope so we grounded him. My only other
experience was with one of the members of my staff who is a deuteranope.
He said that he had no problems in driving his car, seeing the red
light at 50 feet, or the tail lights of other vehicles, but when it
began to rain and the w .idshield became desaturated and the other cues
dropped down and the lights were at long distances he said he was lost;
he really could not identify lights. We put him in an airplane
together with another deuteranope and two normal observers. We went
out three miles, the check was a "quick and dirty" type of experiment,
and at 3 miles he and the other defective missed all the lights from
the tower. At 2 miles they again missed all the lights from the tower.
They did not begin to pick them up until they got within one mile range.
So, for what it is worth, that has been my own experience.

CULVER Is there anyone in the audience who would advocate removing any
standards for colour vision?

TAYLOR I have a few comments which go across the board. I will touch on
every paper which I heard today. I would like to take these in a
retrograde fashion and speak first on the subject of testing. It is
a bad situation and we have had ample evidence that the testing devices
which are currently in use are far from ideal. We have talked about
competition between Ishihara plates, Hardy-Rand-Rittler plates, AOC
plates and the Dvorine plates. I am not an expert in colour vision,
but I have listened to the talks today and I know enough to know that
it does not stop here, just talking about plates. In the first place
it matters a great deal what edition of the Ishihara plates is in use.
There is one good edition and the rest are substandard or not as good.
It matters how they are stored, are they allowed to become faded, how
much are they handled by the administrators of the test who may or may
not be sensitive to the fact that these pig-?nt plates are extremely
delicate, extremely carefully balanced, and should not reully be
covered with thumb prints. It matters also that the test is performed
with the correct illumination and not done by an open window with sun-.
light coming in, or in reflected sunlight from a brick wall; I have
actually seen this done. With regard to the other tests I am horrified
to say that a man came to me a few weeks ago who was not accepted for
flight training in the Navy and when I asked him what test was admini-
stered he said the "Holmgren Wools"; so those are not dead but they
will die, I hope. Colour vision testing is extremely critical and it
is a very difficult and expensive problem to get everyone to one of the
major centres. I feel that selection is very rarely done adequately at
the source, that is in the various induction centres and recruitment
centres around the United States. The question is what do we really
want to test and ho, do we want to do it. I believe we want something
which is expeditious and is likely to take 5 rather than 50 minutes.
This probably eliminates some of the more sophisticated laboratory
tests such as the Farnsworth Munsell 100 Hue, and certainly it
eliminates the .right Trichromatic Colormeter and very careful work
with the anomaloscope which can really be more qualitative if it is
carefully calibrated. For a quick test the plates are rapid, the
lantern is superrapid. The lantern has, perhaps, a little more face
validity In terms of operational tasks and tnis I think is what this
meeting is all about. Surface colour tests or chips and plates also
have their place. There is a test being developed by the United States
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Navy which could be administered in 5 minutes. There have been
constant references to the need for rapid testing without experi-
mental error either on the part of the observer's responses or of
the administrator of the test. The test to which I refer uses the
electroretinal potentials and the electrooculcgram. One simply
puts 2 or 4 electrodes on the observer, puts him in a chair, shows
him colours or forms, and you can then test things such as acuity,
target motion and a variety of other visual functions simply by
reading a polygraph. This is a neat method and its development is
progressing. Another point is, are we really testing the appropriate
things? Dr. Perdriel has brought up the fact that under stress, in
this case auditory stress of 110 dB, there appears to be a decrement
in visual function; but what was that decrement? If I remember
correctly the decrement was in the visual fields but we are not
testing the fields. Nothing was mentioned concerning the testing
of peripheral colour vision and the angular extent of colour disctimi-
nation in the periphery. Intense noise has the effect of giving
tunnel vision for colours and this aspect should be tested somehow.
I think an important point to remember is that when we say we have no
aircraft accidents, or really serious problems ascribable to colour
defects, we lack definite proof. The accidents which we investigate
where the man's colour vision was normal as tested tell us rothing;
we cannot say anything about the restriction of fields. I submit
that perhaps we are not testing the right things, and the things we
are testing may or may not be done at present by appropriate tests.

WHITESIDE The granting of a number of waivers was referred to in the paper by
Doctor Appleton. Where did the failures come from? Why were they
not detected originally, or have they developed since the original
examination? This appears time and time again and people are flying
around with subnormal colour vision. What should we do?

APPLETON These people simply slipped through the net. They got on to flying
status without having been detected, and they passed 1, 2 or 3 flight
physicals because of inaccurate application of physical standards.
Finally they are detected after they have been flying for 1,000, 2t000,
3,000 or 4,000 hours. At that stage they represent a significant
investment on the part of their employer and that is why we go to so
much trouble to assess them in the air. Now, the implicit comment is
that these people should not have got through in the first place and
I agree. But the fact is that they did and I skppose they will
continue to do so in the future, because of the human error in the
application of physical standards which has been with us since
physical standard 'nvented.

CULVER I think this is a Lown problem. There is, perhaps, a lack of
adequate supervis training of the aeromedical technicians who
administer the Isl plates. These plates seem to be the type
most universally uz id common faults include a failure to present
thee under the MacL the UK type of lighting, or a proper north
light, and instead accepting inferior lighting or even light reflected
from an outside brick wall. This is probably the reason that some
people slipped through, or they may have had a very sympathetic
technician that let them pass. That has been my experience.

WHITESIDE Obviously then, these people have adequately passed through the
flying training and they have performed their task apparently without
any difficulties. This is one of the points which has recurred
throughout these presentations. No one has been able to show that
specific failures have been associated with deficiences in colour
vision; of course this may be difficult to determine in fatal
accidents. The restricted fields associated with the roise factor
have been mentioned but here we are dealing with combined stresses
which is another, separate, topic. I think that at this stage 4e
should limit ourselves to the very simple question of what type of
test do we standardize on and what level of standardization should we
seek? Another question stems from the granting by the FAA of waivts
according to a pilot's experience and his type of flying. Thus the
FAA specifies that such a pilot cannot fly a specific type of aircraft
or fly under a specific set of meteorological conditions. Is this not
part of the answer to using a wider spectrum of people who hdve colour
anomalies but who, nevertheless, have experience; why reject them
when they are doing the job? Why do we not broaden the standards if
we have difficulty in getting aircrew candidates and say this pilot
can fly in a specified role? This is similar to our approach to
other medical standards.

CULVER I think that several speakers have alluded to this point and aqrpe
with you in principle. However, another good point which wds riised
earlier was the fact that sometimes in military flyino you dre in a
difficult environment in which precision is a vital factor ond 4t the
same time there is a degradation of colours because of fog, smoke, d
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multiplicity of tasks to be carried out and high noise levels. All
this has to be taken into consideration and it becomes almost a
philosophical question to set down physical standards. Much depends
on how badly we need aircrew.

TREDICI As I said before, our problem would diminish by about 90% if we
could select certain candidates for certain capabilities that they
have. I have had recent interviews with our fighter people and they
are adamant that they want to see both form objects and colour objects.

CULVER I would also like to point out that many of the pilots dealt with by
the FAA are flying the type of aircraft which fly fairly low and
fairly slow and are not as manoeuvrable as military aircraft. This
is obviously not true of the commercial pilots; usually they have the

advantage of having other crew with them and this is an added safety
factor that the military pilot does not always enjoy.

LIDDY It is my impression that nearly all the delegates here have agreedthat colour defectives can fly safely, that is those who pass lantern
testing or a test of that type.

CULVER I would not say that they can all fly safely under all circumstances.
I think that under certain circumstances they can fly safely, but

there are limits.

LIDDY I refer to colour defective "safe" who can see, recognize a red signal,
white signal and a green signal under decreased luminosity conditions.

CULVER Yes, if they could pass the lantern test they are acceptable.

I asked earlier if there was anyone who wanted to abolish colour
vision standards and I did not get any response. I think we are agreed
that we do want colour vision standards. We are also agreed that we
would accept a candidate for flying if he passed one of the lantern
tests.

PERDRIEL Une derni~re question qUi est donc prat44ue et qui reJoint un peu la

pr4occupation de Monsieur Whiteside. Qn nous a dit tout A l'heure
effectivementqu les dlffrents tests A l'apttude nous avons! passes permettent de cat~goriser tras en gros ceux qui ont une

excellente vision des couleurs et ceux qui ont une vision des couleurs
compatible avec la s4curit4 a4rienne. Le problAme est de pouvoir
orienter justement ces 4laves-pilotes ou ces 41aves-navigateurs et
mime ces 4lves-m4caniciens vers des spdcialit6s. La question que je
pose est celle-ci: Est-ce-que dans les diff6rents pays les profils
d'aptitude, en ce qui concerne le sens chromatique, qui sont
n~cessaires A telle spcialit4 pilote, navigateur, m2canicien sont
4tablis directement par le commandement ou bien en accord avec un
expert ophtalmologiste int6ress4 par le systAme des couleurs? Car je
pense que la symbiose de travail entre les op6rationnels, les
navigants et, d'autre part, 1'expert charg4 du sens chromatique
pourrait dtre beaucoup plus fructueuse que si la d6cision 46tait prise
unilat~ralement. C'est ainsi par exemple que nous sommes tous
d'accord, comme J'ai entendu avec plaisir Monsieur Tredici le men-
tionner, sur le fait que les 461ves-pilotes doivent avoir un standard
chromatique excellent. Eh bien, est-ce-que ce standard d'aptitude
chromatique est d6fini, je le r4pete, par le commandement ou bien
est-ce-que les mdecins dans les diff6rents pays ont un mot A dire.

CULVER I will try to answer that as best I can, at least for the United States.
The standards are established by headquarters, supposedly with an
input from the ophthalmologists. However, there are certain circum-
stances in which the advice of the ophthalmologists may not always be
accepted and the headquarters may make the decision. This may not be
true in other countries and I am only speaking for the United States.

WHITESIDE I alvays had the impression that visual standards resemble the grid of
the electronic valve. The manning requirements alter the potential of
the source to allow more candidates through according to the level of
the requirements. For example, in wartime you lower the standards If
you cannot get the candidates.

TREDICI I would like to clarify one further point. Acquired colour defects
are really not a problemat all. You noted in my presentation that out
of 4500 individuals only 5 had an acquired defect and in each case in
one eye only. They had central serous retinopathy and this is a
macular problem. Usually they have more severe symptoms than the
effects on their colour vision. We discovered the colour vision
disturbance because we were running a battery of scientific tests. S

It is usually the visual acuity which is reduced and along with that
they cannot recognize colour, most frequently blue. So this is not
a problem at all In flying personnel. We only need to have colour
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vision tested once on the original entrance, since it normally
never changes again. Many of the individuals who were in my study
did not have numerous examinations and all the colour defects found
had either never been found by other examiners or they were allowed
to slip through.

CULVER It is particuldrly true that uner wartime conditions, when you are
pushing great numbers through, they will be tested only once, but
defects may show up later under a subsequent examination for another
purpose. We are all agreed that we would not want to abandon
completely the testing of coloLr vision, but there is definitely a
need for a good screening test, such as the Ishihara, with the backup
of a good lantern such as the Farnsworth, the CTT, or one of the new
lanterns und,.r development. These are mattets we must look into in
the future.


